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1. Dynamic RAM 



Capacity 




Organization 


Prooass 


Aecass 
Tima 

Max. 
(ns) 


Cycle 
Timer » 

Min. 
(ns) 


Power 
Supplies 

(V) 


Power Dissipation 

Max. 
(mW) 


Pins 


active 


stand-by 


16 K Bit 


TMM416D/P-2 


16384x1 


N-MOS 


, 150 


320 


+5 
-5 
+12 


462 


20 


16 


TMM416D/P-3 


^200 


375 


TMM416D/P-4 


250 


410 


64 KBit • 


TMM4164C-3 


65536 X 1 


N-MOS 


150 


320 


+5 


275 


27.5 


16 


TMM4164C-4 


200 


330 


TMM4164P-2 


120 


260 


TMM4164P-3 


150 


260 


TMM4164P-4 


200 


330 



2. CMOS Static RAM 



Capacity 




Organization 


Process 


Access 
Time 

Max. 
(ns) 


Cycle 
Time 

Min. 
(ns) 


Power 
Supplies 

(V) 


Power Dissipation 

Max. 
(mW) 


Pins 


active 


stand-by 


1KBit 


TC5501P/D 


256x4 


C-MOS 


450 


450 


+6 


83 


0.055 


22 


TC5501P/D-1 


650 


650 


TC5508P 


1024x1 


C-MOS 


370 


450 


+5 


55 


0.055 


16 


TC5508P-4 


450 


550 


TC5508P-1 


550 


700 


4 KBit 


TC5047AP-1 


1024x4 


C-MOS 


550 


650 


+5 


110 


0.11 


20 


TC5047AP-2 


800 


1000 


TC5504AP/AD-2 


4096x1 


C-MOS 


200 


300 


46 


27.5 


0.11 


18 


TC5504AP/AD-3 


300 


420 


TC5504APL/ADL-2 


200 


300 


27.5 


0.005 


TC5504APL/ADL-3 


300 


420 


TC5514AP/AD-2 


1024x4 


C-MOS 


200 


200 


+5 


27.5 


Oil 


18 


TC5514AP/AD-3 


300 


300 


TC5514APL/ADL-2 


200 


200 


27 5 


0.005 


TC5514APL/ADL-3 


300 


300 


TC5513AP/AD-2 


1024x4 


C-MOS 


200 


200 


+5 


27 5 


Oil 


18 


TC5513APL/ADL-2 


005 


TC5514P 


1024x4 


C-MOS 


450 


450 


+5 


138 


Oil 


18 


TC5514P-1 


650 


650 


110 


0.11 


TC5514P-2 


800 


800 


16 K Bit 


TC5516AP/AD/AF 


2048x8 


C-MOS 


250 


250 


+5 


385 


0.165 


24 


TC5516AP/AD/AF-2 


200 


200 


TC5516APL/ADL/AFL 


250 


250 


0.005 


TC55 1 6 AP L/AD L/ AF L-2 


200 


200 


TC5517AP/AD/AF 


2048x8 


C-MOS 


250 


250 


+5 


385 


165 


24 


TC5517AP/AD/AF-2 


200 


200 


TC5517APL/ADL/AFL 


250 


250 


005 


TC55 1 7 AP L/AD L/AF L-2 


200 


200 


TC5517BP/BD/BF 


2048x8 


C-MOS 


200 


200 


+5 


55 


165 


24 


TC5517BPL/BOL/BFL 


005 


TC5518BP/BD/BF 


2048x8 


C-MOS 


200 


200 


+5 


55 


165 


24 


TC5518BPL/BDL/BFL 


0.005 


64 K Bit * 


TC5564P 


8192x8 


C-MOS 


100 


100 


+5 


55 


Oil 


28 


TC5564P-1 


150 


150 


TC5564PL 


100 


100 


005 


TC5564PL-1 


150 


150 


TC5565P 


8192x8 


C-MOS 


100 


100 


+5 


55 


55 


28 


TC5565P-1 


150 


150 


TC5565PL 


100 


100 


55 


TC5565PL-1 


150 


150 



Note Package Material P Plastic, 
• New Products 



D Cerdip, C Ceramic, F Flat package 
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3. Static RAM 



Capacity 


Device Number 


Organization 


Process 


Access 
Time 

Max. 
(ns) 


Cycle 
Time 

Mm. 
(ns) 


Power 
Supplies 

(V) 


Power Dissipation 

Max. 
(mW) 


Pins 


active 


stand-by 


4 KBit 


TMM314AP 


1024 X 4 


N-MOS 


450 


450 


+5 


550 


- 


+18 


TMM314AP-3 


300 


300 


TMM314AP-1 


200 


200 


TMM314APL 


450 


450 


385 


- 


TMM314APL-3 


300 


300 


TMM314APL-1 


200 


200 


TMM315D 


4096x1 


N-MOS 


70 


70 


+5 


880 


110 


18 


TMM315D-1 


55 


55 


990 


165 


16 K Bit 


TMM2016D/P-1 


2048x8 


N-MOS 


100 


100 


+5 


660 


83 


24 


TMM2016D/P 


150 


150 


550 


83 


TMM2016D/P-2 


200 


200 


770 


165 



4. Erasable Programmable ROM 



Capacity 


Device Number 


Organization 


Process 


Access 
Time 

Max. 
(ns) 


Cycle 
Time 

Mm 
(ns) 


Power 
Supplies 

(V) 


Power Dissipation 

Max. 
(mW) 


Pins 


active 


stand-by 


16 K Bit 


TMM323D 


2048x8 


N-MOS 


450 


450 


+5 


525 


132 


24 


TMM323D-1 


350 


350 


550 


138 


TMM323DI 


450 


450 


525 


158 


TMM323DI-1 


350 


350 


660 


165 


32 K Bit 


TMM2732D 


4096x8 


N-MOS 


350 


350 


+5 


788 


132 


24 


TMM2732D-2 


250 


250 


184 


TMM2732DI 


350 


350 


158 


TMM2732DI-2 


250 


250 


210 


64 KBit * 


TMM2764D 


8192x8 


N-MOS 


250 


250 


+5 


630 


184 


28 


TMM2764D-2 


200 


200 



Note TMM323DI/DI-1 and TMM2732DI/DI-2 are mdustrial spec parts 
(operating temperature range — 40°C ~85°C) 



5. Mask Programmable ROM 



Capacity 




Organization 


Process 


Access 
Time 

Max. 
(ns) 


Cycle 
Time 

Mm. 
(ns) 


Power 
Supplies 

(V) 


Power Dissipation 

Max. 
(mW) 


Pins 


active 


stand-by 


16 K Bit 


TMM334P - 


2048x8 


N-MOS 


450 


450 


-H5 


440 


_ 


24 


32 KBit * 

» 


TMM333P 


4096x8 


N-MOS 


450 


450 


-15 


525 


_ 


24 


TMM2332P 


4096x8 


N-MOS 


350 


350 


+5 


550 


83 


24 


TC5332P 


4096x8 


C-MOS 


450 


450 


+5 


39 


0.11 


24 


TC5333P 


4096x8 


C-MOS 


450 


540 


-I-5 


39 


0.11 


24 


TC5334P 


4096x8 


C-MOS 


450 


450 


-15 


39 


0.11 


24 


TC5335P 


4096x8 


C-MOS 


450 


540 


-^5 


39 


0.11 


24 


64 K Bit 


TMM2364P 


8192x8 


N-MOS 


250 


350 


-t6 


220 


83 


28 


256 K Bit 


TMM23256P 32768 x 8 


N-MOS 


150 


230 


+5 


220 


55 


28 



Note Package Material P Pastic, 

•MEMORY New Products 



D Cerdip, C Ceramic, F Plastic Flat 



MEMORY SELECTION GUIDE 1. 



Access 
Time in 
Nanosecond 





TC55047AP-2 
TC5514P-2 






1 




























TC5501P/D 


TC5514P-1 






















TC5508P-1 


TC5047AP-1 






















TC5510P/D-1 
TC5508P-4 


TC5514P,TMM314AP 


TMM323-D/DI 
TMM334P 


TC5332P, TC5333P, TC5334P 
TC5535P,TMM333P 






TC5508P 
















TMM323D/DI-1 


TMM2732D/DI 
TMM2332P 








TC5504AP/AD-3, TMM314AP-3 
TC5514AP/AD-3 














TC5516AP, TMM416P/D-4 
TC5517AP 


TMM2732D/DI-2 


TMM2364P, TMM2764D 






TC5504AP/AD-2,TMM314AP-1 

TC5514AP/AD-2 

TC5513AP/AD-2 


TC551 6AP-2, TMM201 6P/D-2 
TMM416P/D-3,TC5517AP-2. 
TC5517BP,TC5518BP 




TMM4164P/C4, TMM2764D-2 








TMM2016P/D,TMM416P/D-2 




TMM41 64P/C-3, TMM41 64P-2 
TC5564P-1 , TC5565P-1 


TMM23256P 




TMM315D 
TMM315D-1 


TMM2qi6P/D-1 




TC5564P,TC5565P 

















1 K Bit 4 KBit 16 K Bit 32 K Bit 

Memory Capacity 



MEMORY SELECTION GUIDE 2. 



MEMORY 


DEVICE 
TYPE 


MEMORY CAPACITY | 


1 K Bit 


4 K Bit 


16 K Bit 


32 K Bit 


64 K Bit 


256 K Bit 


RAM 


Dynamic RAM 






TMM416P/D 




TMM4164P/C 




Nch Static RAM 




TMM314AP 
TMM315D 


TMM2016P/D 








CMOS Static RAM 


TC5501P/D 
TC5508P 


TC5047AP 

TC5504AP/AD 

TC5514P 

TC5514AP/AD 

TC5513AP/AD 


TC5516AP/AD/AF 
TC5517AP/AD/AF 
TC5517BP/BD/BF 
TC5518BP/BD/BF 




TC5564P 
TC5565P 




ROM 


EPROM 






TMM323D 
TMM323DI 


TMM2732D 
TMM2732DI 


TMM2764D 




Nch MASK ROM 






TMM334P 


TMM333P 
TMM2332P 


TMM2364P 


TMM23256P 


CMOS MASK ROM 








TC5332P 
TC5333P 
TC5334P 
TC5335P 







MEMORY SELECTION GU1DF3 



I 
1 



^— -^___^ BIT 

WORD ^ — -^-^ 


1 Bit 


4 Bit 


8 Bit 


256 




TC5501P/D 




1,024 


TC5508P 


TMM314AP 
TC5514P/AP 
TC5047AP 
TC5513AP/AD 




2,048 






TMM2016P/D 

TC5516AP/AD/AF 

TC5517AP/AD/AF 

TC5517BP/BD/BF 

TC5518BP/BD/BF 

TMM323D/DI 

TMM334P 


4,096 


TC5504AP 
TMM315D 




TMM2732D/DI 

TC5332P 

TC5333P 

TC5334P 

TC5335P 

TMM333P 

TMM2332P 


8,192 






TMM2764D 
TMM2364P 
TC5564P 
TC5565P 


16,384 


TMM416P/D 






32,768 






TMM23256P 


65,536 


TMM4164P/C 







CM s^ 


MROM (TMM23256) 


^<<<<<lo < \o q g g g g 


s 


CRAM (TC5564/65) 




1 - 

DC O 




<" IS 


Is 












MROM (TMM2364) 




^ S 




i IS 


Is 












EPROM (TMM2764) 


$ 1 y 




i IS 


Is 














CMOS MROM (TC5333) 


>^ 




i IS 


Is 












CMOS MROM (TC5332) 








<= Is 


sis 












MROM (TMM2332) 








<= IS 


Is 












EPROM (TMM2732) 








<= isl 


is 












ca 

CD 


CRAM (TC5517) 








1 IS 


is 












CRAM (TC5516/18) 








i IS 


IS 












SRAM (TMM2016) 








IS IS 


Is 












MROM (TMM334) 








8 S 


s 












EPROM (TMM323) 


:^ < <"^ 1 \n <° £| Q d* Q cS cS 






) 

•- CM 


CMCNScNCNCMS»^i=»-^»- 
C^^U)CO,^OOC3>2::5^J22 




CO 


EPROM (TMM323) 


< < < <" < < 


r. ^ o o » c Z 

c < < Q Q Q o 


MROM (TMM334) 




























SRAM (TMM2016) 




























CRAM (TC5516/18) 




























CRAM (TC5517) 






























EPROM {TMM2732) 




























MROM (TMM2332) 




























CMOS MROM (TC5332) 




























CMOS MROM (TC5333) 




























ffi 

s 


EPROM (TMM2764) 


0. <^ 

> < 


























MROM (TMM2364) 


CJ 

z 




























CRAM (TC5564/65) 
































^S 


MROM (TMM23256) 


Z<<<<<<<. <<QQQt 


3 
5 
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CROSS REFERENCE 
1. 16 K Bit Dynamic RAM 



~— ^Access Time 


150 ns 


200 ns 


250 ns 


Toshiba 


TMM416D-2/P-2 


TMM416D-3/P-3 


TMM416D^/P-4 


Fairchiid 


F16K-2 


F16K-3 


F16K4 


Fujitsu 


MB8116H 


MB8116E 


MB8116N 


Hitachi 


HM4716A-2 


HM4716A-3 


HM4716A-4 


Intel 


2117-2 


2117-3 


2117-4 


Intersil 




IM7116-3 


IM7116-4 


Mitsubishi 


M5K4 116-2 


M5K4116-3 


M5K4116-4 


Mostek 


MK4116-2 


MK4116-3 


MK4116-4 


Motorola 


MCM4116C-2 


MCM4116C-3 


MCM4116C-4 


National Semi. 


NM5290-2 


MM5290-3 




NEC 


/iPD416C/D-3 


MPD416C/D-2 


MPD416C/D-1 


T« 


TMS41 16-15 


TMS4 116-20 


TM41 16-25 



2. 64 K Bit Dynamic RAM. 





120 ns 


150 ns 


200 ns 


Toshiba 


TMM4164P-2 


TMM4164P/C-3 


TMM4164P/C-4 


Fujitsu 




MB8264-15 


MB8264-20 


Hitachi 




HM4864-2 


HM4864-3 


Intel 




2164-15 


2164-20 


Mitsubishi 




M5K4164N-15 


M5K4164N-20 






MCM6665-15 


MCM6665-20 


NEC 




MPD4164-3 


MPD4164-2 


OKI 


MSM3764-12 


MSM3764-15 


MSM3764-20 


Tl 




TMS4164-15 


TMS4164-20 



3. 4KBit Static RAM 





1,024x4 


4,096 x1 1 


XAccess Time 


200 ns 


300 ns 


450 ns 


55 ns 


70 n$ 


Toshiba 


TMM314AP-1/APL-1 


TMM314AP.3/APL-3 


TMM314AP/APL 


TMM315D-1 


TMM315D 


AMD 


Am9114EPC 


Am9114CPC 


Am9114BPC 






AMI 


S2114-2 


S2114-3 






S2147 


Fujitsu 


MB8114EL 


MB8114NL 




MB8147H 


MB8147E 


Hitachi 


HM472114AP-2 


HM472114AP-3 


HM472114AP-4 


HM6147-3 


HM6147 


Intel 


2114-2/L2 


21 14-3/L3 


2114/L 


2147-3 


2147 


Intersil 


IM7114-2/L2 




IM7114L 






Mitsubishi 


M5l-2114LP,S-2 


M5L2114LP,S-3 


M5L2114LP.S 






Motorola 


MCM21 14-20 


MCM21 14-30 


MCM2 11445 


MCM21 47-55 


MCM2 147-70 


National 


MM2114-2/-2L 


MM2114-3/-3L 


MM2114/-L 


MM2147-3 


MM2147 


NEC 


MPD2114LC/D-3 


MPD2114LC/D-1 


MPD2114LC/D 


MPD2147D-3 


iLtPD2147D-2 


SYNERTEK 










SY2147 


Tl 


TMS4045-20 




TMS404545 


TMS2147-5 


TMS2 147-7 



4. 1K/4K Bit CMOS RAM 





1 KBit 


4 K Bit 1 


256x4 


1,024x1 


1,024x4 


1,024x4 


4,096 X 1 


Toshiba 


TC5501P 
TC5501D 


TC5508P 


TC5047AP 


TC5514P TC5504P 
TC5514AP/TC5513AP TC5504AP 


Fujitsu 




MB8401 




MB8414 


MB8404 


Harris 


HM6501 


HM6508 




HM6514 


HM6504 


Hitaclii 


HM435101 






HM4334 


HM4315 


Intel 


15101 L 










Intersil 




IM6508 




IM6514 


IM6504 




M5L5101P-1 






M58981S45 




NEC 


MPD5101 


MPD443 


jLtPD445 


MPD444 




Oki 








MSM5114 


MSM5104 


RCA 








MWS5114 





5. 16 K Bit NMOS/CMOS Static RAM 





16 K Bit 1 


NMOS 


CMOS 1 


Toshiba 


TMM2016P 


TC5516AP 


TC5517AP/BP 


TC5518BP 


Fujitsu 


MB8128 


MB8417 


TM8416 


MB8418 


Hitachi 


(HM6116) 




(HM6116) 


(HM6117) 


Mitsubishi 


M58725 








NEC 


MPD4016 


/IPD447 


JL/PD446 


JUPD449 


OKI 


MSM2128 


MSM5127 


MSM5128 


MSM5129 



6. ROM (EPROM & MROM) 





EPROM 


MROM 


16 K Bit 


32 K Bit 


64 K Bit 


32 K Bit 


64 KBit 


Toshiba 


TMM323D 


TMM2732D 


TMM2764D 


TMM333P 


TMM2332P 


TMM2364P 


Fujitsu 


MB8516 


MB8532 


MB2764 








Hitachi 


HN462716 


HN462732 


HN482764 


HN46332P 






Intel 


12716 


12732 


12764 




12332 


12364 


Mitsubishi 


M5L2716K 


M5L2732K 










Mostek 


MK4716 






MK32000 




MK37000 


Motorola 


MCM2716 












NEC 


MPD2716D 


jLiPD2732D 




/XPD2332 






Oki 


MSM2716AS 


MSM2732AS 


MSM2764AS 








Tl 


TMS2516 






TMS4732 
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TOSMM MOS MEMffiY PROMNiTS 



16384 WORD x 1 BIT DYNAMIC RAM 

N CHANNEL SILICON GATE MOS 



TMM4I6P/D-2, TMM4 I 6P/D-3, 
TMM4I6P/D-4 



The TMM416P/D is a 16,384 words by 1 bit MOS 
random access memory circuit fabricated with 
TOSHIBA'S double poly N-channel silicon gate proc- 
ess for high performance and high functional density. 

The TMM416P/D uses a single transistor dynamic 
storage cell and dynamic control circuitry to achieve 



high speed and low power dissipation Multiplexed 
address inputs permit the TMM416P/D to be pack- 
aged in a standard 16 pin plastic and cerdip DIP This 
package size provides high system bit densities and is 
compatible with widely available automatic testing 
and insertion equipment 



16,384 words by 1 bit organization 
Fast access time and cycle time 



DEVICE 


tRAC 


tRC 


TMM416P/D-2 


150 ns 


320 ns 


TMM416P/D-3 


200 ns 


375 ns 


TMM416P/D-4 


250 ns 


410 ns 



Industry standard 16 pin DIP 
Standard ± 10% power supply (+12V, ± 5V) 
Lower power 462mW operating (max ) 
20mW standby (max ) 



yi$^,m»m?^'im$: 




mUHAMES 



A0-A6 


Address Inputs 


"CAS 


Column Address Strobe 


D|N 


Data In 


DOUT 


Data Out 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


Vbb 


Power (-5V) 


vcc 


Power (+5V) 


Vdd 


Power {+1 2 V) 


vss 


Ground 



Output unlatched at cycle end allows two-dimen- 
sional chip select 

Common I/O capability using "Early Write" opera- 
tion 

Read-Modify-Write, RAS-only refresh, and Page- 
Mode capability 

All inputs and output TTL compatible 
128 refresh cycles / 2 msec 
Compatible with MK4116 
Package 

Plastic DIP- TMM416P 

Cerdip DIP. TMM416D 



BumK mAumjm 



RITEO— 
















cl \ 




CLOCKS 
















No 1 CLOCK 


























t 






DATA IN 
BUFFER 




N 






J 








1 










1 














p^ 


1 No 2 CLOCK 
GENERATOR 














-[ ^1 INHIBIT , 


DATA OUT 






DUT 




LATCH . 






































J 
















ADDRESS 


-^ 




sP 


(128x64) 










ROW 
DECODER 
















^^§ rf 


— 
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^^NCUTi MAXIimiM. flATtld^ 








RATING 


VALUE 


UNITS 


NOTES 


Voltage on any pin relative to Vbb 


-0 5- +20 


^ 




Voltage on Vqd . Vcc supplies relative to Vss 


-1 0~+15 


V 




Vbb-Vss (Vdd-Vss>OV) 





V 




Operating temperature 


0-70 


°c 




Storage tennperature 


-55-150 


°c 




Soldering temperature Time 


260 10 


°C sec 




Power dissipation 


TMM416P 


600 


mW 




TMM416D 


1000 


Short circuit output current 


50 


mA 





;:||i^PMJi#i0_|^ ,0P£IIAtlll^ «W*tW^ (Ta = - 70°C) (Note 2) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Vdd 


Supply Voltage 


108 


120 


132 


V 


3 


Vcc 


45 


50 


55 


V 


3,4 


Vss 











V 


3 


Vbb 


-45 


-5 


-5 5 


V 


3 


VlHC 


Input High Voltage, RAS, CAS, WRITE 


27 




70 


V 


3 


V|H 


Input High Voltage, except RAS, CAS, WR ITE 


24 




70 


V 


3 


V|L 


Input Low Voltage, all inputs 


-1 




08 


V 


3 



(Vdd =12.0V± 10%, Vcc =5.0V±10%, Vss =0V, Vbb =-5.0V±10%,Ta = 0°C-70°C) (Note 2) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


Iddi 


OPERATING CURRENT 

Average power supply operating current 

(RAS, CAS cycling tpc = minimum value) 




35 


mA 


5 


"cci 








6 


Ibbi 




200 


fiA 




IdD2 


STANDBY CURRENT 

Power supply standby current 

(RAS = V|Hc. Dqut = High Impedance) 




1 5 


mA 




ICC2 


-10 


10 


MA 




IbB2 




100 


ma 




IdD3 


REFRESH CURRENT 

Average power supply current, refresh mode. 

(RAS cycling, CAS = V|hc tpc = minimum value) 




27 


mA 


5 


ICC3 


-10 


10 


/iA 




IbB3 




200 


MA 




1dD4 


PAGE MODE CURRENT 

Average power supply current, page mode operation 

(RAS = V|L, CAS cycling tpc = minimum value) 




27 


mA 


5 


ICC4 








6 


IbB4 




200 


fiA 




l|(L) 


INPUT LEAKAGE CURRENT 

Input leakage current, any input (Vbb = -5V 

OV < V|N < +7 OV, all other pins not under test = OV) 


-10 


10 


ma 




'OID 


OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, OV<Vout< +5 .5V) 


-10 


10 


ma 




VoH 


OUTPUT LEVELS 

Output "H" level voltage (Iqut = -5mA) 


24 




V 


4 


Vol 


OUTPUT LEVELS 

Output "L" level voltage (Iqut = 4.2mA) 




0.4 


V 


4 



- 14 - 



iaOT«ICAt CHAWACTgBISrreS an© RI COWMSWE^ AC €#iRAT(NQ CONDITIONS 

(Vdd = 12 0V± 10%, Vcc = 5.0V+ 10%, Vss = OV, Vbb = -5 0V± 10%, Ta = 0°C ~ 70°C) (NOTES 2, 7,8, 10) 



SYMBOL 


PARAMETER 


TMM416P/D-2 


TMM416P/D-3 


TMM416P/D-4 


UNITS 


NOTES 


MIN. 


MAX 


MIN 


MAX. 


MIN. 


MAX 


tRC 


Random read or write cycle time 


320 




375 




410 




ns 


9 


tRWC 


Read-write cycle time 


320 




375 




425 




ns 


9 


tRMW 


Read-modify-write cycle time 


320 




405 




500 




ns 


9 


tpc 


Page mode cycle time 


170 




225 




275 




ns 




tRAC 


Access time from RAS 




150 




200 




250 


ns 


11,13 


tCAC 


Access time from CAS 




100 




135 




165 


ns 


12,13 


tOFF 


Output buffer turn-off delay 





40 





50 





60 


ns 


14 


tT 


Transition time (rise and fall) 


3 


35 


3 


50 


3 


50 


ns 


10 


tRP 


RAS precharge time 


100 




120 




150 




ns 




tRAS 


RAS pulse width 


150 


32,000 


200 


32,000 


250 


32,000 


ns 




tRSH 


RAS hold time 


100 




135 




165 




ns 




tCSH 


CAS hold time 


150 




200 




250 




ns 




tCAS 


CAS pulse width 


100 


10,000 


135 


10,000 


165 


10,000 


ns 




tRCD 


RAS to CAS delay time 


20 


50 


25 


65 


35 


85 


ns 


15 


tCRP 


CAS to RAS precharge time 


-20 




-20 




-20 




ns 




tASR 


Row Address set-up time 

















ns 




tRAH 


Row Address hold time 


20 




25 




35 




ns 




tASC 


Column Address set-up time 


-10 




-10 




-10 




ns 




tCAH 


Column Address hold time 


45 




55 




75 




ns 




tAR 


Column Address hold time 
referenced to RAS 


95 




120 




160 




ns 




tRCS 


Read command set-up time 

















ns 




tRCH 


Read command hold time 

















ns 




twCH 


Write command hold time 


45 




55 




75 




ns 




twCR 


Write command hold time 
referenced to RAS 


95 




120 




160 




ns 




twp 


Write command pulse width 


45 




55 




75 




ns 




tRWL 


Write command to RAS lead time 


50 




70 




85 




ns 




tcWL 


Write command to CAS lead time 


50 




70 




85 




ns 




tDS 


Data-in set-up time 

















ns 


16 


tDH 


Data-in hold time 


45 




55 




75 




ns 


16 


tOHR 


Data-in hold time referenced to RAS 


95 




120 




160 




ns 




tCP 


CAS precharge time (for page- 
mode cycle only) 


60 




80 




100 




ns 




tREF 


Refresh period 




2 




2 




2 


ms 




twcs 


Write command set-up time 


-20 




-20 




-20 




ns 


17 


tCWD 


CAS to WRITE delay 


60 




80 




90 




ns 


17 


tRWD 


RAS to WRITE delay 


110 




145 




175 




ns 


17 



15 



:tiimA:mw0f^- 



• READ CYCLE 



V|HC — 
V,L — 



'^[ 



V|HC — 
V,L- 



ADDRESSES 



^O: 



RAH *ASC 



ROW 
ADDRESS 



"Z-W 



VqH — 



COLUMN 
ADDRESS 



.^ ^V 



lO' 



^ VALID DATA S- 



Don't 



• WRITE CYCLE (EARLY WRITE) 



V|HC- 
V|L- 



CAS V,HC 

V|L 



ADDRESSES 



- :;r^ 



\ 



KIN; 



tRAH tASC 



ROW 
ADDRESS 



COLUMN ^ 
ADDRESS 



VALID DATA 



A "^ 



Z 



f 



i 



I 



M' 
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• READ-WRITE/READMODIFY-WRITE CYCLE 






V|HC- ^L- 



CAS ^'HC- 

V,L- 



ADDRESSES 



'Il-M*! 



tRAH *ASC 



:^. 



ROW 
ADDRESS 



COLUMN 
ADDRESS 



tRSH - 

- tCSH - 

tCAS- 



WRITE ^'HC 

V|L- 



VOH- 



V|L- 



7 



'-^u 



VALID DATA 



VALID 
DATA 



V 



V/A Don't Care 



• "RAS-ONLY" REFRESH CYCLE 



V|HC- 
V|L— 



ADDRESSES . '"~ 



^. 



ROW ADDRESS 



if 



\ 



Note CAS = V|HC. WRITE = Don't Care 
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• PAGE MODE READ CYCLE 



ADDRESSES 




• PAGE MODE WRITE CYCLE 



M^ 



V|HC- 
V.L - 



V|HC- 
V|L - 



ADDRESSES 



^. 



T^cy-' 



\ 



If 




Don't Care 
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(Vdd = 12.0V±10%,Vcc = 5 0V + 10%,Vss=OV,Vbb =-5 0V±10%,f = 1MHz,Ta=0°C~70°C) 



SYMBOL 


PARAMETER 


TYP. 


MAX. 


UNIT 


Cu 


Input Capacitance (Ao-Ae), D|n 


4 


5 


pF 


Cl2 


Input Capacitance RAS, CAS, WRITE 


8 


10 


PF 


Co 


Output Capacitance (Dqut) 


5 


7 


pF 



I 



mmm mnAiim mmmrmmrim 





4\ 




1 1 




a;^ 
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It it 







10 


•^ 




M 4 


X) 


30< 
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SO 
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^ 
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^' 
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;t^ 




<i^ 


^ 
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^' 
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SO 
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^- 


—^ 
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^1> 


y^ 
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^ 
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^^ 












^x . 
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"^ 
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'>^ 
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_ 

























30 


300 2 






40 
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r 
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J^ 


^ 








,o»^ 


^ 




-^ 


" 










-^ 
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NOTES 

1 Stresses greater than those listed under "Absolute Maximum Ra- 
tings" may cause permanent damage to the device 

2 Tg IS specified here for operation at frequencies to 
^RC ^^RC 'f^'" ) Operation at higher cycle rates with reduced 
ambient temperatures and higher power dissipation is permissible, 
however, provided AC operating parameters are met See Fig 1 
for de{ating curve 

3 All voltages are referenced to Vgs 

4 Output voltage will swing from Vgs to V^c when activated with 
no current Soading For purposes of maintaining data in standby 
mode, Vcc "i^V ^e reduced to Vgg without affecting refresh 
operations or data retention However, the Vqh ("^in ) specifica- 
tion IS not guaranteed in this mode 

5 'dDI- 'dD3 ^"'^ 'dD4 depend on cycle rate See figures 2, 3 and 
4 for Idq limits at other cycle rates 

6 'CCI ^"^^ 'CC4 depend upon output loading During readout of 
high level data Vqq is connected through a low impedance to data 

- out At all other times Ice *=°"*'*** o^ 'e^l^^B* currents only 

7 After the application of supply voltages or after extended periods 
of bias (greater than tRgp 2ms) without clocks, the device must 
perform about eight initialization cycles prior to normal opera- 
tion 

8 AC measurements assume t-j- = 5ns 

9 The specifications for tRc <"T" ). ^RMW ''"i" ) ^"d tpyvC ^f"'" ' 
are used only to indicate cycle time at which proper operation 
over the full temperature range (0 C ^Ta^70 C) is assured 

10 ViHC (iT)'" ) O"" V|H (mm ) and V|l (max ) are reference levels for 



measuring timing of input signals Also, transition times are meas- 
ured between Vmc O"" V|h and V||_ 

Assumes that tR^D ^*RCD (max ) If t^cD i* greater than the 
maximum recommended value shown in this table, tR/^c will in- 
crease by the amount that tpQQ exceeds the value shown 
Assumes that tRCD^^RCD (max ) 

Measured with a load equivalent to 2 TTL loads and lOOpF 
tQFF (max ) defines the time at which the output achieves the 
open circuit condition and is not referenced to output voltage 
levels 

Operation within the tpcD (max ) limit insures that tp/^c (max ) 
can bo met tpco (max ) is specified a reference point only if 
*RCD I* greater than the specified tpcD (max ) limit, then access 
time IS controlled exclusively by tQ^j; 

These paramete rs are re ferenced to CAS leading edge in early write 
cycles and to WRITE leading edge in delayed write or read- 
mod ify-write cycles 

*WCS' tCWD a"d tpyyo are not restrictive operating parameters 
They are included in the data sheet as electrical characteristics 
only 

if twcs ^ *WCS (mm ), the cycle is an early write cycle and the 
data out pin will remain open circuit (high impedance) throughout 
the entire cycle 

•* ^CWD ^ *CWD (mm ) and tpyVD ^^RWD (mm ), the cycle is a 
read-write cycle and the data out will contain data read from the 
selected cell If neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate 
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ADDRESSING 

The 14 address bits required to decode 1 of tine 
16,384 cell locations within the TMM416P/D are 
multiplexed onto the 7 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TTL-level clocks 

The first clock, the Row Address Strobe (RAS), 
latches the 7 row address bits into the chip . The 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 7 colu mn ad dres s bits into 
the chip. Each of these signals, RAS and CAS, trig- 
gers a sequence of events which are controlled by dif- 
ferent delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the o ccurence of a 
delayed signal derived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tpAH) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (D|n) register. This permits 
several options in the write cycle timing In a write 
cycle, if the WRITE input is bro ught low (active) 
prior to CAS, the D|n is strobed by CA S and the set- 
up and hold times are referenced to CAS. If the 
input data is not available at CAS time or if it is 
desired that the cycle be a read-write cycle the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are 
refere nced to the negative edge of WRITE rather than 
CAS. (To illustrate this feature, D|n is referenced to 
WRITE in the timing diagrams depicting the read- 
write and page-mode write cycles while the "earl y 
write" cycle diagram shows D|n referenced to CAS). 



Data is retrieved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throu ghout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) 
of the TMM416P/D is the high impedance (open- 
circuit) state. That is to say, anytime CAS is at a high 
level, the Dqut Pin will be floating. The only time 
the output will turn on and contain either a logic or 
logic 1 is at access time during a read cycle. Dqut 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

If the memory cycle in progress is a read, read- 
modify write, or a delayed write cycle, then the data 
output will go from the high impedance state to the 
active condition, and at access time will contain the 
data read from the selected cell. This output data is 
the same polarity (not inverted) as the input data. 
Once havi ng gone active, the output will remain valid 
until CAS IS ta ken to the precharge (logic 1) state, 
whether or not RAS goes into precharge. 

If the cycle in progr ess is an "early-write" cycle 
(WRITE active before CAS goes active), then the 
output pin will maintain the high impedance state 
throughout the entire cycle. Note that with this type 
of output configuration, the user is given full control 
of the Dqut P'n simply by controlling the placement 
of WRITE command during a write cycle, and the 
pulse width of the Column Address Strobe during 
read operations. Note also that even though data is 
not latched at the output, data can remain valid from 
access time until the beginning of a subsequent cycle 
without paying any penalty in overall memory cycle 
time (stretching the cycle). 

PAGE MODE OPERATION 

The "Page-Mode" feature of the TMM416P/D al- 
lows for successive memory operations at multiple col- 
umn locations of the same row address with increased 
speed without an increase in power. This is done by 



- 20 



strobing the row address into the chip and maintain- 
ing the RAS signal at a logic throughout all succes- 
sive memory cycles in which the row address is com- 
mon. This "page-mode" of operation will not dis- 
sipate the power associated with the negative going 
edge of RAS Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 
row addresses within each 2 millisecond time interval 
Although any normal memory cycle will perform the 
refresh operation, this function is most easily accom- 
plished with "RAS-only" cycles, RAS only refresh 
results in a substantial reduction in operating power. 
This reduction in power is reflected m the Idd3 
specification 

POWER CONSIDERATIONS 

Most of the circuitry used in the TMM416P/D is 
dynamic and most of the power drawn is the result of 
an address strobe edge (refer to the TMM41 6P/D cur- 



rent waveforms in Fig. 5) In system applications 
requiring lower power dissipation, the operating 
frequency (cycle rate) of the TMM416P/D can be re- 
duced and the (guaranteed maximum) average power 
dissipation of the device will be lowered in accord- 
ance with the Idd 1 (max.) spec limit curve illustrated 
in Fig. 2. 

It IS possible to operate certain versions of the 
TMM416P/D family (-2 and 3 speed selections for 
example) at frequencies higher than specified, provid- 
ed all AC operating parameters are met. Operation at 
shorter cycle times « tpc mm.) results in higher 
power dissipation and, therefore, a reduction in 
ambient temperature is required. Refer to Fig 1 for 
derating curve. 

POWER UP 

The TMM416P/D requires no particular power sup- 
ply sequencing so long as the Absolute Maximum 
Rating Conditions are observed. However, in order to 
insure compliance with the Absolute Maximum Rat- 
ings, TOSHIBA recommends sequencing of power 
supplies such that Vbb 's applied first and removed 
last. Vbb should never be more positive than Vss 
when power is applied to Vdd • 
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Id03 (RASOnly) 
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■TOSHIBA 

• Plastic Package 



16 15 14 13 12 11 10 9 

rti rji rh rh rh r^ 



12 3 4 5 



• Cerdip Package 
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nr-ir-ir-inrni— in 
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12 3 4 5 6 7 8 

— 20 MAX ^ 







Note 1 Each lead pitch is 2 54mm All 
No 16 leads 
2 All dimensions are in millimeters 



46±0 15 
s are located within 25mm of their true longitudin 



L'" J 

h" 8 60~10 20 H 



Note: Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
©Feb., 1981 Toshiba Corporation 
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B TOSHIBA MOS MEMORY PRODUCTS 



65,536 WORD X 1 BIT DYNAMIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM4I64C-3 
TMM4I64C-4 



DESCRIPTION 

The TMM4164C is the new generation dynamic 
RAM organized 65,536 words by 1 bit, it is successor 
to the industry standard TMM416D/P 
The TMM4164C utilizes TOSHIBA'S double poly 
N-channel Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating 
margins, both internally and to the system user 



Multiplexed address inputs permit the TMM4164C 
to be packaged in a standard 16 pin ceramic DIP 
This package size provides high system bit densities 
and IS compatible with widely available automated 
testing and insertion equipment 

System oriented features single power supply of 5V 
include ± 10% tolerance, direct interfacing capability 
with high performance logic families such as Schottky 
TTL 



FEATURES 



• 65,536 words by 1 bit organization 

• Fast access time and cycle time 






DEVICE 


tRAC 




tRC 




TMM4164C-3 


150 ns 


320 ns 


TMM4164C-4 


200 ns 


330 ns 



10% with a built-m 



Single power supply of 5V 
Vbb generator 

» Low power, 275mW operating (MAX ) 

I 27 5mW standby (MAX ) 

PIN CONNECTION (top VIEW) 

NC C 1 16 J Vss 

D|N C 2 1 5 D CAS 

WRITE C 3 14 D DouT 

RASC4 13 D Aft 

Ao C 5 12 D A3 

A2 C 6 1 1 D A4 

Ai C 7 10 D As 

Vcc C 8 9 13 A7 



PIN NAMES 



Ao-A, 


Address Inputs 


CAS 


Column Address Strobe 





D|N 
NC 


Data In 


No - Connection 


DouT 


Data Out 


- 


RAS 
WRITE ' 


Row Address Strobe 
Read/Write Input 


Vcc 


Power (+5V) 


Vss 


Ground 





• Industry standard 16 pin ceramic DIP 

• Output unlatched at cycle end allows two-dimen- 
sional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Write, RAS-only refresh and Page 
Mode capability 

• All inputs and output TTL compatible 

• 128 refresh cycles/2ms 
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ABSOLUTE MAXIMMlWtMNW 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


ViN.VouT 


-1-7 


V 




Power Supply Voltage 


Vcc 


-1-7 


V 




Operating Temperature 


ToPR 


0~70 


°C 




Storage Temperature 


TsTG 


-55-150 


°C 




Soldering Temperature • Time 


TSOLDER 


260 • 10 


''C • sec 




Power Dissipation 


Pd 


1 


W 




Short Circuit Output Current 


'out 


50 


mA 





|^^^rt>^'l)d'^^*^ftt^ir^«i-€OWIt«^ (Ta = 0-70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


Vcc 


Supply Voltage 


45 


50 


55 


V 


2 


V|H 


Input High Voltage 


24 




65 


V 


2 


V|L 


Input Low Voltage 


-1 




08 


V 


2 



;^iil^igii|»ig«PBillil« (Vcc = 5V± 10%,. Ta = - TO'^C) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


NOTES 


icci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS.CAS Cycling tRc =tRc MIN 






50 


mA 


3,4 


ICC2 


STANDBY CURRENT 
Power Supply Standby Current 
(RAS = V|H, Dqut = High Impedance) 






5 


mA 




ICC3 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 

(RAS Cycling, CAS =V|H tRc=tRcMIN 






40 


mA 


3 


ICC4 


PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 

(RAS = V|L, CAS Cycling tpc=tpcMIN 






40 


mA 


3,4 


l|(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input (OV^V|n ^6 5V, 

All Other Pins Not Under Test = OV) 


-10 




10 


mA 




'O(L) 


OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV ^ Vqut ^ +5 5V) 


-10 




10 


juA 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iqut = -5mA) 


24 






V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (Iqut =4 2mA) 






04 


V 
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(Vcc = 5V ± 10%, Ta = ~ 70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TMM4164C-3 


TMM4164C4 


UNITS 


NOTES 


MIN 


MAX 


MIN 


MAX 


tRC 


Random Read or Write Cycle Time 


320 




-330 




ns 




tRWC 


Read-Write Cycle Time 


320 




350 




ns 




tRMW 


Read-Modify-Write Cycle Time 


320 




405 




ns 




tpc 


Page Mode Cycle Time 


170 




225 




ns 




tPAC 


Access Time from RAS 




150 




200 


ns 


8,10 


tCAC 


Access Time from CAS 


100 





__ 135 
50" 


ns 
ns 


9,10 


tOFF 


Output Buffer Turn-Off Delay 


40 


11 


tT 


Transition Time (Rise and Fall) 


3 1 35 


3 
120 


50 


ns 


6 


tRP 


RAS PrechargeTime 


100 






ns 


tRAS 


RAS Pulse Width 


150 


10,000 


200 


10,000 


ns 


tRSH 


RAS Hold Time 


100 




135 




ns 


^CSH 


CAS Hold Time 


150 
100 


10,000 


200 
135 


10,000 


ns 


tCAS 


CAS Pulse Width 


ns 
ns 


" 12 


tRCD 


RAS to CAS Delay Time 


25 


50 


30 


65 


tCRP 


CAS to RAS Precharge Time 












ns 




tASR 


Row Address Set-Up Time 



15 






20 





ns 
ns 




tRAH 


Row Address Hold Time 




tASC 


Column Address Set-Up Time 












ns ' 


tCAH 


Column Address Hold Time 


45 




55 
120 




ns 
ns 




tAR 


Column Address Hold Time 
Referenced to RAS 


95 






tRCS 


Read Command Set-Up.Time 








ns 




tRCH 


Read Command Hold Time 










ns 




tWCH 


Write Command Hold Time 


45 ^ 




_ „.55 
120 




ns 




twCR 


Write Command Hold Time 
Referenced to RAS 


95 






ns 




twp 


Write Command Pulse Width 


45 




""55 

- To " " 

70 



55 

120 




ns 





tRWL 


Write Command to RAS Lead Time 


50 






ns 


tCWL 


Write Command to CAS Lead Time 


50 






ns 


13 
13 Z 


tDS 


Data-in Set-UpTime 



45 
"95 " 







ns 
ns 

ns 


tDH 


Data-in Hold Time 


tDHR 


Data-in Hold Time Referenced to RAS 


tCP 


CAS Precharge Time (for Page Mode 
Cycle Only) 


60 




80 




ns 




tREF 


Refresh Period 


1 2 


_ -10 
80 
145 


2 


ms 
ns 


14 


twcs 


Write Command Set-Up Time 


"■-io' " 




tcWD 


CAS to WRITE Delay 


60 _ 

110 




ns 
ns 


14 
14 


tRWD 


RAS to WRITE Delay 



I 
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TIMING WAVEFORMS 

• READ CYCLE 



RAS V|H - 



CAS V|H 



ADDRESSES ^IH " 
V|L - 



WRITE V|H - 

V|L - 



DouT ^OH 

Vol — " 



*RAH tASC 



ROW 
ADDRESS 



^O; 



• WRITE CYCLE (EARLY WRITE) 



z 



V 



< 



s- 

VALID DATA h 



0t 



RAS ^IH- 

V|L- 



CAS V|H _ 

Vil] 



WRITE ^'" — y] 



"^ :;:-^ 



^■ 



C^: 



ROW 
ADDRESS 



ss ^ ///y Ai 



! tRSH 



I «CAS 



COLUMN 
ADDRESS 



VALID DATA 



.'' '< 



;/ 



DoUT 



0' 
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• READ-WRITE/READ-MODI FY-WRITE CYCLE 



V|H 

V,L 



V|H— "" 



ADDRESSES 



''r.-m 



^. 



V|H— 7 



DquT 



-tRSH- 
-tCSH— 



.O' 



V 



imMMMMmmK 



^^: 



VALID DATA 



z - y//////////////////////////////M :^ ^ 



*DS tDH 



• "RAS-ONLY" REFRESH CYCLE 



V|H 

V|L — 



ADDRESSES ^'" ' 



\ 



^ 



ROW ADDRESS 



VoH 

DouT Vol _- 



Note: CAS - V|h, WRITE = Don't Care 



Don't ( 
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• PAGE MODE READ CYCLE 




• PAGE MODE WRITE CYCLE 
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(Vcc= 5V ± 10%, f = 1MHz, Ta = ~ 70**C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


C|i 


Input Capacitance (Aq ~ A, , D|n) 




4 


5 


pF 


C|2 


Input Capacitance (RAS, CAS, WRITE) 




8 


10 


pF 


Co 


Output Capacitance (Dquj) 




5 


7 


pF 



NOTES 

1 Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device 

2 All voltages are referenced to Vss 

3 'cci . lcC3 . lcC4 depend on cycle rate 

4 Icci . 'CC4 depend on output loading Specified values are obtained with the output open 

5 An initial pause of lOOjus is required after power-up followed by any 8 RAS cycles before proper device operation is achieved 

6 AC measurements assume tj = 5ns 

7. V|H (mm.) and V|l (max ) are reference levels for measuring timing of input signals Also, transition times are measured be- 
tween V|H and V||_. 

8 Assumes that tpco = tpcD ("^ax )• If tRco 's greater than the maximum recommended value shown in this table, tRAC will 
increase by the amount that tpcD exceeds the value shown 

9 Assumes that tpcD = tpcD (max ) 

10 Measured with a load equivalent to 2 TTL loads and lOOpF 

1 1 toFF ('rnax ) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels 

12 Operation within the tpco (nnax ) limit insures that tpAC (max ) can be met tpcD (max ) is specified a reference point only 
If tRCD IS greater than the specified tRcp (max ) limit, then access time is controlled exclusively by tcAC 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in delayed write or read- 
modify-write cycles 

14 twcS' ^CWD and tRWD are not restrictive operating parameters They are included in the data sheet as electrical characteristics 
only If twcs = twcs (mm ), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle 

If tcwD = tcWD (min.) and tRwo = ^rwd (mm ) , the cycle is a read-write cycle and the data out will contain data read from 
the selected cell If neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeter- 
minate 



ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 cell locations within the TMM4164C are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 8 row address bits into the c hip. The sec- 
ond clock, the Column Address Strobe (CAS), subse- 
quently latches the 8 colu mn a ddres s bit s into the 
chip Each of these signals, RAS, and CAS, triggers a 
sequence of events which are controlled by different 



delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the o ccurence of a 
delayed sig nal d erived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tpAH) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 



31 



DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an o n-chip regis ter by a combination of WRITE 
and CAS w hile RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (C^n ) register This permits 
several optio ns in the write cycle timing In a write 
cycle, if the WRITE input is brought low (active) 
prior to CAS, the Djn is strobed by CAS and the set- 
up and hold times are referenced to CAS. If the input 
data is not available at CAS time or i f it is d esired 
that the cycle be a read -write cycle the WRITE signal 
will be delayed until after CAS has made its negative 
transition In this "delayed write cycle" the data 
input set-up and hold t imes are re feren ced to the 
negative edge of WRITE rather than C AS (To illus- 
trate this feature, D|n is referenced to WRITE in the 
timing diagrams depicting the read-write and page 
mode write cycles while the "earl y write" cycle dia- 
gram shows D|n referenced to CAS) 

Data is retrie ved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
thro ughout the portion of the memory cycle in which 
CAS is active (low) Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Cbur) 
of the TMM4164C is the high impedance (open cir- 



cult) state. That is to say, anytime CAS is at a high 
level, the Dqut Pin will be floating. The only time 
the output will turn on and contain either a logic or 
logic 1 is at access time during a read cycle Dqut 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

PAGE MODE 

The "Page-Mode" feature of the TMM4164C al- 
lows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power This is 
done by strobi ng the row address into the chip and 
maintaining the RAS signal at a logic throughout all 
successive memory cycles m which the row address is 
common This "Page-Mode" of operation will not 
dissipat e the power associated with the negative going 
edge of RAS. Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times. 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 row 
address (Aq ~ Ae) within each 2 millisecond time 
interval Although any normal memory cycle will 
perform the refresh operati on, t his function is most 
easily accomplished with "RAS -only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power This reduction in power is reflected 
in the Ices specification 




Note Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of th*ir true longitudi- 
nal position with respect to No. 1 and No. 16 leads 
All dimensions are in millimeters 
Note: Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitrv 
©Nov , 1981 Toshiba Corporation 



- 32 - 



■ TOSHIBA MOS MEMMY 



r<i;i 



65,536 WORD X 1 BIT DYNAMIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM4I64P-2, TMM4 I 64P-3 
TMM4 I 64P-4 



The TMM4164P is the new generation dynamic 
RAM organized 65,536 words by 1 bit, it is successor 
to the industry standard TMM416P. 
The TMM4164P utilizes TOSHIBA'S double poly 
N-channel Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating 
margins, both internally and to the system user. 



Multiplexed address inputs permit the TMM4164P 
to be packaged in a standard 16 pin plastic DIP. 
This package size provides high system bit densities 
and is compatible with widely available automated 
testing and insertion equipment. 

System oriented features single power supply of 5V 
include ± 10% tolerance, direct interfacing capability 
with high performance logic families such as Schottky 
TTL. 



i^iAfygMfe 



» 65,536 words by 1 bit organization 
• Fast access time and cycle time 


DEVICE 


tRAC 


tRC 


TMM4164P-2 


120 ns 


260 ns 


TMM4164P-3 


150 ns 


260 ns 


TMM4164P-4 


200 ns 


330 ns 



Single power supply of 5V± 10% with a built-in 
Vbb generator 

Low power; 275mW operating (MAX.) 
27. 5mW standby (MAX.) 
(TOP VIEW) 



NCC 1 

Din c2 

WRITE C 3 

RASC4 

Ao C5 

Aa C6 

A, C7 

VccC8 



3 CAS 
3 DouT 



13 D A* 
12 3 A3 
11 D A4 
10 D As 
9 3 A7 



Ao-A, 


Address Inputs 


CAS 


Column Address Strobe 


DjN 


Data In 


NC 


No - Connection 


DouT 


Data Out 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


Vcc 


Power (+5V) 


Vss 


Ground 



Industry standard 16 pin plastic DIP 
Output unlatched at cycle end allows two-dimen- 
sional chip selection 

Common I/O capability using "EARLY WRITE" 
operation 

Read-Modify-Write. RAS-only refresh and Page 
Mode capability 

All inputs and output TTL compatible 
1 28 refresh cycles/2ms 



oVcc 



A40 
A50 
A40. 









^~~'~ 


T 


«D,N 




BUFFER 








1 








No. 2 CLOCK {• 
GENERATOR V 




DATA OUT 
BUFFER 




DoUT 
















1 




* 










COLUMN 

ADDRESS 

BUFFERS (8) 








1 ^ 


CPLUMN 
DECODER 






1 . 










,......., 
















SENSE AMP 
i/0 GATING 


— 




ROW 

ADDRESS 

BUFFERS (8) 


J 


11 




h-:::- 


'— 1 




!7 


j-J-^1 


f 




•128 


MEMORY 
ARRAY 




No. 1 CLOCK J 
GENERATOR - 




■ 








-. 
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ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


ViN.VouT 


-l-'7 


V 




Power Supply Voltage 


Vcc 


-1-7 


V 




Operating Temperature 


TOPR 


0~70 


"C 




Storage Temperature 


TSTG 


-55~150 


"C 




Soldering Temperature • Time 


TSOLDER 


260 10 


«»C • sec 




Power Dissipation 


Pd 


600 


mW 




Short Circuit Output Current 


'out 


50 


mA 





iaa^o-yo^c) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


Vcc 


Supply Voltage 


4.5 


5.0 


55 


V 


2 


V|H 


Input High Voltage 


2.4 




6.5 


V 


2 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 


2 



(Vcc = 5V ± 10%,. Ta = - TO'^C) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


NOTES 


IcCi 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS.CAS Cycling. tRc =tRc MIN.) 






50 


mA 


3,4 


•cci 


STANDBY CURRENT 
Power Supply Standby Current 
(RAS = V,H. DouT = High Impedance) 






5 


mA 




ICC3 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 

(RAS Cycling. CAS = V|h tRc = tpc MIN.) 






40 


mA 


3 


Ice* 


PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 

(RAS = V|L. CAS Cycling tpc =tpc MIN.) 






40 


mA 


3.4 


•ml) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input (OV ^ V|n ^ 6.5V 

All Other Pins Not Under Test = OV) 


-10 




10 


HA 




b(L) 


OUTPUT LEAKAGE CURRENT 
(DbuT is disabled, OV ^ Vqut ^ +5.5V 


-10 




10 


/LtA 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iqut = -5mA) 


2.4 






V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 






0.4 


V 
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(Vcc = 5V ± 10%, Ta = ~ 70°C) (Notes 5, 



6,7) 



SYMBOL 


PARAMETER 


TMM4164P-2 


TMM4164P-3 


TMM4164P-4 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random read or write cycle time 


260 




260 




330 




ns 




tRWC 


Read-write cycle time 


260 




270 




335 




ns 




tRMW 


Read-modify-write cycle time 


265 




310 




390 




ns 




tpc 


Page mode cycle time 


140 




170 




225 




ns 




tRAC 


Access time from RAS 




120 




150 




200 


ns 


8.10 


tCAC 


Access time from CAS 




80 




100 




135 


ns 


9.10 


tOFF 


Output buffer turn-off delay 





35 





40 





50 


ns 


11 


tj 


Transition time (rise and fall) 


3 


35 


3 


35 


3 


50 


ns 


6 


tRP 


RAS precharge time 


90 




100 




120 




ns 




tRAS 


RAS pulse width 


120 


10,000 


150 


10.000 


200 


10.000 


ns 




tRSH 


RAS hold time 


80 




100 




135 




ns 




tCSH 


CAS hold time 


120 




150 




200 




ns 




^CAS 


CAS pulse width 


80 


10.000 


100 


10.000 


135 


10.000 


ns 




^RCD 


RAS to CAS delay time 


25 


40 


25 


50 


30 


65 


ns 


12 


tCRP 


CAS to RAS precharge time 

















ns 




^ASR 


Row Address set-up time 

















ns 




tRAH 


Row Address hold time 


15 




15 




20 




ns 




^ASC 


Column Address set-up time 

















ns 




tCAH 


Column Address hold time 


40 




45 




55 




ns 




tAR 


Column Address hold time 
referenced to RAS 


80 




95 




120 




ns 




tRCS 


Read command set-up time 

















ns 




tRCH 


Read command hold time 

















ns 




twCH 


Write command hold time 


40 




45 




55 




ns 




twCR 


Write command hold time 
referenced to RAS 


80 




95 




120 




ns 




tWP 


Write command pulse width 


40 




45 




55 




ns 




tRWL 


Write command to RAS lead time 


40 




45 




55 




ns 




tCWL 


Write command to CAS lead time 


40 




45 




55 




ns 




tDS 


Data-in set-up time 

















ns 


13 


tDH 


Data-in hold time 


40 




45 




55 




ns 


13 


tOHR 


Data-in hold time referenced to RAS 


80 




95 




120 




ns 




tCP 


CAS precharge time (for page- 
mode cycle only) 


50 




60 




80 




ns 




tREF 


Refresh period 




2 




2 




2 


ms 




twcs 


Write command set-up time 


-10 




-10 




-10 




ns 


14 


tCWD 


CAS to WRITE to delay 


50 




60 




80 




ns 


14 


tRWD 


RAS to WRITE delay 


90 




110 




145 




ns 


14 



35 






rmvmmMHMm 

• READ CYCLE 



RAS V,H - 

V,L - 



CAS V,H T" 



ADDRESSES ^IH 
V|L 



WRITE V|H 

V|L- 



DouT ^O" 

Vol — " 



\ 



ROW 
ADDRESS 



^O: 



COLUMN 
ADDRESS 



• WRITE CYCLE (EARLY WRITE) 



r 



\a 



v 



-^ VALID DATA |- 



VA Don't 



RAS ^IH- 

V|L- 



V|L 



WRITE ^'H- 

V,L- 



V|H- 



V|L . 

VOH- 
VOL- 



^■ 



TO: 



Dm 



COLUMN 
ADDRESS 



^JT-^ 



VALID DATA 



.t ^^ 



:/ 



7 



'A 



\/\ Don't Car* 
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• R E AD-WRITE/RE AD-MOD I FY-WR I TE CYCLE 



V|H- 
V,L- 



V|H— "" 
V|L 



ADDRESSES 



v:z^ 



V|H^^ 



"\. 



COLUMN 
ADDRESS 



.'■' ... ^ 



.~/ 



WIMMMMmM 



^-<[ 



VALID DATA 



:: ^////////////////m/////m///)K '^^ ^ 



Don't 



• "RAS-ONLY" REFRESH CYCLE 



V|H — 
V|L — 



V|H T> 



ROW ADDRESS 



t 



Note: CAS = V|h WRITE - Don't Car«, A7 = Don't Care 
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• PAGE MODE READ CYCLE 




• PAGE MODE WRITE CYCLE 



ADDRESSES 
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rAPAriTAMTit: 

(Vcc= 5V ± 10%, f = IMHz, Ta = ~ 70*C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


C|, 






4 


5 


pF 


C|2 


Input Capacitance (RAS. CAS, WRITE) 




8 


10 


PF 


Co 


Output Capacitance (Dqut) 




5 


7 


pF 



NOTES 
1 Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 
2. All voltages are referenced to Vss- 
3- Icci • 'CC3 . 'cC4 depend on cycle rate 
^ 'cc 1 . 'cC4 depend on output loading Specified values are obtained with the output open. 

5 An initial pause of 200iLts is required after power-up followed by an 8 RAS cycles before proper device operation is achieved. 

6 AC measurements assume t j = 5ns. 

7. V|H (mm ) and V|l (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be- 
tween V|H and V|L. 

8. Assumes that tpco = tpcD (max.) If tpcD 'S greater than the maximum recommended value shown in this table. tR^c will 
increase by the amount that tpcD exceeds the value shown 

9 Assumes that tRCD = tpcD (max.) 

1 Measured with a load equivalent to 2 TTL loads and lOOpF 

1 1 toFF (max ) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels 

1 2 Operation within the tRCD (max ) limit insures that tpAc (max ) can be met tRco (max.) is specified a reference point only. 
If tRCD IS greater than the specified .tRco (max.) limit, then access time is controlled exclusively by tcAC 

13 These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify-write cycles. 

14. twcS' tcwD and tRwo are not restrictive operating parameters They are included in the data sheet as electrical characteristics 
only If twcs ^ twcs (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle 

'^ tcwD ^ tcwD (mm.) and tRWD ^ tRwoJmin.), the cycle is read-write cycle or read-modify-cycle and the data out will 
contain data read from the selected cell If neither of the above sets of conditions is satisfied, the condition of the data out 
(at access time) is indeterminate 



ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 cell locations within the TMM4164P are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 8 row address bits into the c hip. The sec- 
ond clock, the Column Address Strobe (CAS), subse- 
quently latches the 8 colu mn a ddres s bit s into the 
chip. Each of these signals, RAS, and CAS, triggers a 
sequence of events which are controlled by different 



delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CA§ 
clock sequence are inhibited untfl the o ccurence of a 
delayed sig nal d erived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row AddressHold 
Time specification (tRAH ) has been satisfied and the 
address Inputs have been changed from Row address 
to Column address information. 
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DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an o n-chip regis ter by a combination of WRITE 
and CAS w hile RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In {D|n ) register. This permits 
several optio ns in the write cycle timing. In a write 
cycle, if the WRITE input is brou ght l ow (active) 
prior to CAS. the D|n is strobed b y CAS and the set- 
up and hold times are referenced to CAS. If the input 
data is not available at CAS time or i f it is d esired 
that the cycle be a read-wri te cy cle, the WRITE signal 
will be delayed until after CAS has made its negative 
transition. In this "delayed write cycle" the data 
input set-up an d hold t imes are re feren ced to the 
negative edge of WRITE rather than C AS. (To illus- 
trate this feature, D|n is referenced to WRITE in the 
timing diagrams depicting the read-write and page 
mode write cycles while the "earl y write" cycle dia- 
gram shows D|N referenced to CAS). 

Data is retrie ved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
s time. 



DATA OUTPUT CONTROL 

The normal condition of the Data Output (Cbur) 
of the TMM4164P is the high impedance (open cir- 



16 15 14 13 12 

■,iri fTi rh rh -di. 




cuit) state. That is to say, anytime CAS is at a high 
level, the Dqut Pin will be floating. The only time 
the output will turn on and contain either a logic or 
logic 1 is at access time during a read cycle . Dqut 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

PAGE MODE 

The "Page-Mode" feature of the TMM4164P al- 
lows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This is 
done by strobi ng the row address into the chip and 
maintaining the RAS signal at a logic throughout all 
successive memory cycles in which the row address is 
common. This "Page-Mode" of operation will not 
dissipat e the power associated with the negative going 
edge of RAS. Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times. 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 row 
address (A© ~ A^) within each 2 millisecond time 
interval Although any normal memory cycle will 
perform the refresh operati on, t his function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction m 
operating power. This reduction in power is reflected 
in the Ice 3 specification. 

,1 10 9 ^ unit m mm 



i{jL;jL|ji-lji-iJL{ji-iJm 




Not*: Each iMd pitch it 2.54 mm. All Iwdt ara locatad within 0.2S mm of thair true longitudi- 
nal position with raapact to No. 1 and No. 16 laads. 
All dimantions ara in millimatart. 
Nota: Toshiba doas not assuma any responsibilitv for usa of any circuitry daicribad, no circuit patent licenses are implied, and Toshiba 
the right, at any time without notice, to change said circuitry. 
©Apr., 1982 Toshiba Corporation 
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Static Random Access Memories 
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■ TOSHIBA MOS MEMORY PRODUiTrS 



1024 WORD X 4 BIT STATIC RAM 



N CHANNEL SILICON GATE DEPLETION LOAD 



TMM3 I 4AP TMM3 I 4APL 
TMM3 I 4AP- 1 TMM3 I 4APL- 1 
TMM3I4AP-3 TMM3 I 4APL-3 



DESCRIPTION 

TMM314AP family is 1024 word x 4 bit high 
speed read write memories operated with 5 V single 
power supply. The memories with 6 Tr cells are 
static in operation and require no clocks or refresh 
period and suitable for use in microprocessor applica- 
tion systems where high performance, low cost, sim- 
ple interfacing are important design objectives 

TMM314AP family is able to be connected to 



TTL directly and to drive 1 STTL or 5 LSTTLS. 

TMM314AP family is fabricated with N channel 
silicon gate depletion load type MOS technology by 
ion implantation for fast speed, stable performance 
and reliability 

The chip is moulded in the standard 18 pin plastic 
package of 0.3 inch width for low cost and high den- 
sity assembly 



FEATURES 

> Fully decoded 1024 word x 4 bit organization 

• Static operation — No clocks or refresh period 

» Single 5V supply voltage -Vcc = 5V ± 1 0% 

' Easy memory expansion - CS input 

' Three state output - Wired OR tie capability 

' Inputs and outputs directly TTL compatible 

' Data input/output terminal is common 

' Input protected - All inputs have protection 

against static charge 
' 2114 Type Pm compatible 



Low Power dissipation and Access time 
Power and Access time (maximum value) 





Access time 


Power 


TMM314AP-1 


200 ns 


550 mW 


TMM314AP-3 


300 ns 


550 mW 


TMM314AP 


450 ns 


550 mW 


TMM314APL-1 


200 ns 


385 mW 


TMM314APL-3 


300 ns 


385 mW 


TMM314APL 


450 ns 


385 mW 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



A6 Hi 
As C 2 
A4 C 3 
A3 C 4 
Ao C 5 
Al C 6 
Aa C 7 
CS C 8 
GND^ 9 



18 3 Vcc 
17] A, 
16 ] Ag 
15 3 A, 
14 3 I/Oi 
13 ] I/Oj 
12 1 I/O3 
1 1 3 I/O4 
10 3 WE 



PmUAMBB 




Ao~Aj 

A4~A/ 


Column Address Inputs 


Row Address Inputs 


I/Oi ~ I/O4 


Data Input/Output 


CS 


Chip Select Input 


WE 


Write Enable Input 
Supply Voltage 


Vcc 


GND 


Ground 



A5- 

A6- 
A7- 
A8- 
A9- 







Row 
Decoder 




>v 








< 








s 








c 








<^ 







Memory cell array 
64 X 64 



-Vcc 

- GND 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Supply Voltage 


-0 5-7.0 


V 


V|/0 


Input/Output Voltage 


-0 5-7.0 


V 


TOPR 


Operating Temperature 


0~70 


°C 


TSTG 


Storage Temperature 


-55-150 


°C 


TSOLDER 


Soldering Temperature • Time 


260 • 10 


oC sec 


pd 


Power dissipation (Ta = 70°C) 


850 


mW 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


- 


2.0 


- 


Vcc 


V 


V|L 


Input Low Voltage 


- 


-0.5 


- 


0.8 


V 


Vcc 


Supply Voltage 


- 


4.5 


5 


5.5 


V 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP.* 


MAX. 


UNIT 


l|H 


Input High Current 


V|N=5.50 V 


- 


- 


10 


HA 


l|L 


Input Low Current 


V|N=OV 


- 


- 


-10 


fiA 


VOH 


Output High Voltage 


'SOURCE =-10mA 


2.4 


2.8 


- 


V 


Vol 


Output Low Voltage 


ISINK=2.1mA 


- 


0.15 


0.4 


V 


lOH 


Output High Current 


V0UT = 2.4V 


-1.0 


-5.5 


- 


mA 


lOL 


Output Low Current 


VOUT=0.4V 


2.1 


65 


- 


mA 


ILO 


Output Leakage Current 


CE = V|HorWE=V|L 
VoUT= 0.4 V -Vcc 


- 


- 


±10 


HA 


icci 


Supply Current 


TMM314A 

PL/PL-1/PL-3 
IOUT.= 0rTiA 


25*'C 


_ 


50 


64 


mA 


O^C 


- 


- 


70 


ICC2 


Supply Current 


TMM314A 

P/P-1/P-3 
IOUT=0mA 


25''C 


_ 


70 


90 


mA 


0°C 


- 




100 



* Ta = 25X. Vcc = 5V 
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AC CHAflAirrERISriC$ (Tt » ^ 7ff C. Vcc * 5V ± 10%, Ci - lOOpF, tr. tf <f 10ii«> 

READ CYCLE 



SYMBOL 


PARAMETER 


TMM314AP-1/APL-1 


TMM314AP-3/APL-3 


TMM314AP/APL 


UNIT 


MIN. 


MAX. 


MIN 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


200 


- 


300 


- 


450 


- 


ns 


tACC 


Access Time 


_ 


200 


_ 


300 


_ 


450 


ns 


tco 


Chip Select Time 


- 


70 


- 


100 


- 


100 


ns 


tcx 


Output Active from CS 


20 


- 


20 


- 


20 


- 


ns 


tOD 


Chip Deselect Time 





40 





80 





100 


ns 


tOH 


Output Hold from Address Change 


20 


- 


20 


20 


- 


ns 



WRITE CYCLE 



SYMBOL 


PARAMETER 


TMM314AP-1/APL-1 


TMM314AP-3/APL-3 


TMM314AP/APL 


UNIT 


MIN 


MAX. 


MIN. 


MAX 


MIN. 


MAX. 


twc 


Write Cycle Time 


200 


- 


300 


_ 


450 


_ 


ns 


twp 


Write Puls.e Width 


120 


- 


150 


- 


200 


- 


ns 


tWR 


Write Recovery Time 





_ 





_ 





_ 


ns 


tODW 


Output High Z from WE 





40 





80 





100 


ns 


tDS 


Data Setup Time 


120 


- 


150 


- 


200 


- 


ns 


tDH 


Data Hold Tome 





- 





- 





- 


ns 


tAW 


Address to Write Setup Time 


30 


- 


30 


- 


30 


- 


ns 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX 


UNIT 


C|N 


Input Capacitance 


V|N = AC Ground 


- 


- 


5 


pF 


COUT 


Output Capacitance 


VouT = AC Ground 


- 


- 


5 


pF 



Note: This parameter is periodically sampled and not 100% tested. 
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READ CYCLE 



WRITE CYCLE 



D( 



VOH 



.x; 



Si 



K 



HIGH IMPEDANCE 



^ 



*OH |tOD 



DATA OUT 
1.5V 1.5V 

VALID 



IM^ 



— )(^ 



,\^ 



Si: 



V|L 
Voh/V|h 



HIGH IMPEDANCE 



^C 



)€ 



M 



Vol/V|l 



h— M.5 



;^ 



DATA IN 
STABLE 



I 



5V DON'T CARE 



Note 1 WE IS high for a READ CYCLE. 

2 tyyp is measured from the tatter of CS or WE going low to 
the earlier of CS or WE going high. 
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TYrrCAt OHARi^JTiRISTrOS 















tACC 


-c 


L 








































































O 13 
















































^ 


/^' 










Q 
















^ 














N 












^ 


X* 
















< 

5 










X 




















9 10 






^ 


*^ 






















z ' " 






























OQ 































'so 100 150 200 250 300 350 400 

Ci (pF) 





1 2 
1.1 
1.0 
0.9 
0.8 
0.7 












tACC 


-Ta 








































































B 




























































Q 
















^ 


^ 












N 













X^ 


*^ 
















< 






^rf^ 
























O 



























































































-20 20 40 60 

Ta (°C) 



100 120 





1.2 
1.1 
1.0 
0.9 
0.8 
0.7 














cc 


-Ta 






































































































o 






























Q 






\ 
























N 








's 


S- 




















< 

5 












•^ 


"V, 
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V|H 


, V 


IL 


-Ta 






























Vcc = 5.0V 
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Vcc = 5.0V 
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lOH- 
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Vcc = 5.0V 
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18 17 16 15 14 13 12 11 10 




Notes Each lead pitch it 2.54 mm. All leads are located within 
0.2S mm of their true longitudinal position with respect to 
No. 1 and No. 18 leads. 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are Implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
©Mar., 1980 Toshiba Corporation 



Distributed by 



48 - 



im^' 



4096 WORD X 1 BIT STATIC RAM 

N CHANNEL SILICON GATE DEPLETION LOAD 



TMM3 I 5D 
TMM3I5D-I 



TMM315D/TMM315D-1 are 4096 word x 1 bit 
read write memories operated with 5V single power 
supply. The memories are static in operation and 
require no clocks or refresh period. This device has 
two types in data access - address access and chip 
select access which are equal and very high speed. 
When CS goes high, this device is deselected and 
changes into the low power standby mode automati- 
cally, and keep its state during the period that CS is 
high. Accordingly, this device is suitable for use in 



• Fully decoded 4096 word x 1 bit organization 

• Static operation — No clocks 

• 5V single power supply 

• Easy memory expansion - CS input 

• Standby feature -CS = Vih 

• I/O separate 

• Three state output 

• Directly TTL comp.atible 



w^'^mmm^. m^mm^- 



VCC A6 


A7 


As 


A9 


Aio An 
i-i n 


D,nC§ 
i-i n 


18 17 


16 


15 


14 


13 12 


11 10 


J 

1 2 


3 


4 


5 


6 7 


8 9 



Ao Ai Aj A3 A4 As D 



.w^kc 






Ao~As 


Row Address Inputs 


A* -All 


Column Address Inputs 


Din 


Data input 


DOUT 


Data output 


CS 


Chip select input 


WE 


Write enable input 


Vcc/GND 


Power supply 



larger memory system which the majority of devices 
are deselected, and is suitable for use in cache memo- 
ry required very high speed. TMM315D/TMM315D-1 
are directly TTL compatible and its output can drive 
the TTL up to 5. TMM315Dn"MM315D-1 are fabri- 
cated with N-channel silicon gate depletion load type 
technology for stable and high performance. The 
chip is mounted in the standard 18 pin package of 0.3 
inch width for low cost purpose. 



Current and Access time (Maximum value) 



PARAMETER 


TMM315D-1 


TMM315D 


Active Current (Max.) 


180 mA 


160 mA 


Standby Current (Max.) 


30 mA 


20 mA 


Address Access time 


55 ns 


70 ns 


Chip select Access time 


55 ns 


70 ns 



» Pin to pin compatible - 12147/12147-3 
• Inputs protected — All inputs have protection 
against static charge. 




■fr-DoUT 
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c? 


WE 


Output 


Power 


Mode 


H 


• 


High-Impedance 


Standby 


Deselected 


L 


H 


Data out 


Active 


Read 


L 


L 


High-Impedance 


Active 


Write 



ii^WtMi^U^' 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power supply voltage 


-15-7 


V 


ViN.OUT 


Input and output voltage 


-1.5-7.0 


V 


Topr 


Operating temperature 


0~70 


«C 


Tstrg 


Storage temperature 


-55-150 


"C 


Tsolder 


Soldering temperature • time 


260 • 10 


°C • sec 


Pd 


Power dissipation (Ta = 70'C) 


1.0 


W 


lout 


DC output current 


20 


mA 



,aii»»*f^^: 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input high voltage 





2.0 


- 


60 


V 


ViL 


Input low voltage 





-1 


- 


0.8 


V 


Vcc 


Power supply voltage 





4.5 


50 


55 


V 



Ta = - 70*0, Vcc = 5.0V± 10%,unless otherwise noted 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


VoH 


Output high voltage 


1 source = -4.0 mA 


2.4 


- 


- 


V 


Vol 


Output low voltage 


lsink=8mA 


- 


- 


0.4 


V 


lOH 


Output high current 


VoH =2.4V 


-4.0 


- 


- 


mA 


lOL 


Output low current 


Vol =0.4V 


8.0 


- 


- 


mA 


"LI. 


Input leakage current 


ViN =0-Vcc 


- 


±0.01 


±10 


ma 


ILO 


Output leakage current 


VoUT =0-4.5V 
CS = V|HorWE=V|L 


- 


±0.1 


±50 


ma 


Ice 


Operating current 


CS = V|L 
output open 


TMM315D 


- 


- 


160 


mA 


TMM315D-1 


- 


- 


180 


mA 


ISB 


Standby current 


C§ = V|H 
output open 


TMM315D 


- 


- 


20 


mA 


TMM315D-1 


- 


- 


30 


mA 


ISBP 


Peak power on current 


CS = V|H 
during power on 


TMM315D 


- 


- 


50 


mA 


TMM315D-1 


- 


- 


70 


mA 



* Typical values are at Vcc = 5.0V, Ta = 25*C. 
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Ta = ~ yO^C, Vcc = 5V± 10% .unless otherwise noted. 
• READ CYCLE 



SYMBOL 


PARAMETER 


TMM315D-1 


TMM315D 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read cycle tinne 


55 


- 


70 


- 


ns 


tACC 


Address access tinne 


- 


55 


- 


70 


ns 


tCOi 


Chip select access time 1 


- 


55 


- 


70 


ns 


tC02 


Chip select access tinne 2 


- 


65 


- 


80 


ns 


tOH 


Output hold from address change 


5 




5 


- 


ns 


tLZ 


Chip selection to output in low Z 


10 


- 


10 


- 


ns 


tHZ 


Chip deselection to output in high Z 





40 





40 


ns 


tPU 


Chip selection to power up time 





- 





- 


ns 


tPD 


Chip deselection to power down time 


- 


30 


- 


30 


ns 



• WRITE CYCLE 



• AC TEST CONDITIONS 



Input pulse levels 


~ 3.5V 


Input rise and fall times 


10 ns 


Input and output timing reference levels 


1.5V 


Output load 


See Fig. 1 



3ooJ2^ -r 
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SYMBOL 


PARAMETER 


TMM315D-1 


TMM315D 


UNIT 


MIN. 


MAX 


MIN. 


MAX. 


twc 


Write cycle time 


55 




70 


- 


ns 


tew 


Chip selection to end of write 


45 




55 


- 


ns 


tAW 


Address valid to end of write 


45 


- 


55 


- 


ns 


tAS 


Address set up time 





- 





- 


ns 


twp 


Write pulse width 


35 


- 


40 


- 


ns 


tWR 


Write recovery time 


10 


- 


15 


- 


ns 


tDS 


Data set up time 


25 


- 


30 


- 


ns 


tDH 


Data hold time 


10 


- 


10 


- 


ns 


tODW 


Write enable to output in high Z 





30 





35 


ns 


two 


Output active from end of write 





- 





- 


ns 



~ ^mrmm'i^f^M''^ '^^mm¥^ 



SYMBOL 


PARAMETER 


MAX. 


UNIT 


CiN 




'5 


PF 


COUT 


Output capacitance 


7 


PF 



777 TTT 

Fig.'1 Output load 



This parameter is periodically sampled and is not 100% tested. 
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)tc 



^O CYCLE a (WE - Vih) (1 



3- 






^^ 



-=ScZEZZ3 



(-■ '^o— 



:^c 



EEZX 



^ 



5 r Tr'^~ic 



: (1 ) AddrsMM ar* to valkl prior to or coincident with SS transition low. 
(2) tcol : Chip it daaalactad for a tinrw that It graatar than 55 nt prior to lalection. 
tco2 '• C'^'P '* dasaiactad for a tima that it latt than 55 nt prior to talactton. 



Nota. 1. Each load pitch it 2.54 mm. Ail 
laadt ara locatad within 0.25 mm of 
thair trua longitudiruil potition with 
ratpact to No. 1 and No. 18 laadt. 
2. All dimantiont ara in miliimatart. 



nmmrnririrnrnn 



UUUUUULJUU 




0.46±0.15^ 



Nota: Tothiba doai not attuma any ratpontibliity for uta of any circuitry datcribad; no circuit patent licantat ara imptiad, and Tothiba ratarvat tha 

rlfl^t, at any tIma without notice, to change tald circyitry. 
©Aug.. 1980 Toahtoa Corporation 
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2048 WORD X 8 BIT STATIC RAM 

N CHANNEL SILICON GATE DEPLETION LOAD 



TMM20 I 6P/D 
TMM20 I 6P- 1 /D- I 
TMM20 I 6P-2/D-2 



The TMM2016P/D is a 16384-bit static random ac- 
cess memory organized as 2048-words by 8-bits and 
operates from a single 5V power supply Common 
8-bit input/output, output enable (OE) and pin-com- 
patibihty with 2716 type EPROM (TMM323D) allow 
a wide application in microprocessor peripheral 
memory 

In memory expansion, low power application is 
possible by using the chip select input (CS). When CS 



IS in V|H level, the device is in low power standby 
mode 

TMM2016P/D IS fabricated with ion implanted N- 
channel silicon gate technology This technology pro- 
vides high performance and high reliability. The 
TMM2016P/D IS offered in both standard 24 pm 
plastic and cerdip packages, o.6 inch in width. 



I 



Pin compatible with 2716 type EPROM 
Single 5V supply - Vcc = 5V ± 10% 
Access time and current 



— — ^-____ 


TMM2016P/D 


TMM2016P-1/O-1 


TMM2016P-2/D-2 


Access time (MAX ) 


150 ns 


100 ns 


200 ns 


Operating current (MAX ) 


100mA 


120mA 


140mA 


Standby current (MAX ) 


15mA 


15mA 


30mA 



• Power down feature - CS 




SYMBOL 


NAME 


Ao~A3 


Column Address Inputs 


A4~Aio 


Row Address Inputs 


CS 


Chip Select Input 


WE 


Write Enable Input 


l/Oi H/Os 


Data Input/Output 


OE 


Output Enable Input 


Vcc 


Power (5V) 


GND 


Ground 



Output buffer control — OE 

Easy memory expansion — CS 

Static operation - No clock or timing strobe re- 
quired 

Directly TTL compatible - All inputs and outputs 

Common data input and output 

Three state outputs - Wired OR capability 

Inputs protected - All inputs have protection 
against static charge. 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-05-70 


V 


V|N,OUT 


Input and Output Voltage 


-0 5 ~ 7 


V 


TOPR. 


Operating Temperature 


0~70 


''C 


TSTG 


Storage Temperature 


-55 ~ 1 50 


°c 


TsOLDER 


Soldering Temperature • Time 


260 10 


°C ■ sec 


Pd 


Power Dissipation (Ta = 70°C) 


1 


W 



^gm^^immwi^mfm mmttmm w^ « o - wo 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


V|H 


Input High Voltage 


22 


— 


Vcc + 1 


V 


V|L 


1 nput Low Voltage 


-0 5 


— 


08 


V 


Vcc 


Supply Voltage 


45 


50 


55 


V 



'^^.^^?&^^MMWW$:i^'^:'^MAN^ .*-§¥ i %W 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l|L 


Ihput Leakage Current 


V|N =0~5 5V 


- 


- 


±10 


juA 


'oh 


Output High Current 


VouT = 2 4V 


-1 


- 


- 


mA 


•OL 


Output Low Current 


VouT = 4V 


21 


- 


- 


mA 


VOH 


Output High Voltage 


louT = -1 OnriA 


24 


- 


- 


V 


Vol 


Output Low Voltage 


louT =2 1mA 


- 


- 


04 


V 


Ilo 


Output Leakage Current 


CS = V|H orWE = V|LorOE = V,H 
VouT=0~Vcc 


- 


- 


±10 


HA 


*ISBP 


Peak Power-on Current 


CS = Vcc 
Iqut =OmA 
during power on 


TMM2016P/P-1/D/D-1 


_ 


_ 


30 


mA 


TMM2qi6P-2/D-2 


- 


- 


45 


mA 


'SB 


Standby Current 


cs = v,H 

• out =OmA 


TMM2016P/P-1/D/D-1 


_ 


_ 


15 


mA 


TMM2016P-2/D-2 


- 


- 


30 


mA 


Ice 


Operating Current 


CS=V,L 
Iqut =OmA 


TMM2016P/D 


- 


- 


100 


mA 


TMM2016P-1/D-1 


- 


- 


120 


mA 


TMM2016P-2/D-2 


- 


- 


140 


mA 



*Note Iqc exceeds Isb nnaximum during power on A pull-up 
power-on current approaches Ice active 



3 Vcc °" ^^^ CS input IS required to keep the device deselected, otherwise. 



*:mt.mfMm rr» •-arc, i • i wmti 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX 


UNIT 


C|N 


Input Capacitance 


V|N = A C Ground 


5 


PF 


COUT 


Output Capacitance 


VouT = A C Ground 


10 


PF 



This parameter is periodically sannpled and is not 100% tested 
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READ CYCLE 



SYMBOL 


PARAMETER 


TMM2016P/D 


TMM2016P-1/D-1 


TMM2016P-2/D-2 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN. 


MAX 


tRC 


Read Cycle Time 


150 


- 


100 


- 


200 


- 


ns 


tACC 


Address Access Time 


- 


150 


- 


100 


- 


200 


ns 


tco 


Chip Select Access Time 


- 


150 


- 


100 


- 


200 


ns 


tOE 


Output Enable Time 


- 


55 


- 


35 


- 


55 


ns 


tOH 


Output Hold Time from Address Change 


10 




10 


- 


10 


- 


ns 


tCLZ 


Output in Low-Z from CS 


10 


- 


10 


- 


10 


- 


ns 


tCHZ 


Output in High-Z from CS 


- 


55 


- 


40 


- 


55 


ns 


tOLZ 


Output in Low-Z from OE 


5 




5 


- 


5 


- 


ns 


tOHZ 


Output in High-Z from OE 


- 


50 


- 


35 


- 


50 


ns 


tpu 


Chip Selection to Power up Time 





- 





- 





- 


ns 


tpD 


Chip Deselection to Power down Time 


- 


60 


- 


50 


- 


60 


ns 



I 



WRITE CYCLE 



SYMBOL 


PARAMETER 


TMM2016P/D 


TMM2016P-1/D1 


TMM2016P-2/D-2 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


twc 


Write Cycle Time 


150 


- 


100 


- 


200 


- 


ns 


tew 


Chip Selection to End of Write 


120 


- 


90 


- 


150 


- 


ns 


tAS 


Address Set up Time 


20 


- 


20 


- 


20 


- 


ns 


tWP 


Write Pulse Width 


100 


- 


70 


- 


120 


- 


ns 


tWR 


Write Recovery Time 


10 


- 


10 


- 


10 


- 


ns 


tDS 


Data Set up Time 


60 


- 


40 


- 


60 


- 


ns 


tDH 


Data Hold Time 


15 


- 


10 


- 


15 


- 


ns 


tWLZ 


Output in Low-Z from WE 


5 


- 


5 


- 


5 


- 


ns 


tWHZ 


Output in High-Z from WE 


- 


50 


- 


35 


- 


50 


ns 



:^^pgr ^m^irmm 



Input Pulse Levels 


0~35V 


Input Rise and Fall Times 


10ns 


Input and Output Timing Reference Levels 


15V 


Output Load 


See Note 



Note Output Load — 1TTL Gate and Cl = lOOpF 
(Including scope and jig) 
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(A) READ CYCLE (1) 



3( 



3( 



^^ 



DquT 



OUTPUT DATA VALID 



J- 



(B) READ CYCLE (2) 



"^. 



DoUT 



SUPPLY isB 

CURRENT 



(C) WRITE CYCLE (1) 



J- 



OUTPUT DATA VALID 



ir 



\. 



3C 



\\\\\\\\^X\\\\\\^ 



>€I 



^? 



^^; 



^1. 



J- 



3C 



■ \\\\\\\\\\\^ 

7^///////////////// 



DATA INSTABLE 



3C 
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(D) WRITE CYCLE (2) 



3( 



3( 



\\\\\\\\\\\\\^ 



^- 



U-<AS-» 



, W777///////////77, 



YL. 



J' 



HIGH IMPEDANCE 



3( 



I 



DATA IN STABLE 



x: 



r6aD CYCLE (1) - WE ,s high for Read Cycle 

Device is continuously selected, CS = V|l 

READ CYCLE (2) - AM addresses are valid prior to^or coincident with CS 
WE IS high for Read Cycle OE=V|l. 

WRITE CYCLE (2) - OE = Vn_ 
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ITOSHIBA 



OUTLINE DRAWINGS 



• Plastic package 



24 23 22 2120 19 18 17 16 15 14 13 

■ rhftirprprtirplrpTtirprprprti 




• Cerdip package 



24 23 22 21 20 19 18 17 16 15 14 13 

■ f|i ffi rp i+i rp rjn rji r|i r[n rjn fjn i r[i^ 



S 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ■ 1 1 1 1 1 1 ' 
1 2 3 4 5 6 7 8 9 10 11 tZ 




J_ 



_+0 15 
^-0.10 



°-25_o.lO 
1 5.24 ~ 17.78 



Note- Each lead pitch is 2.54 mm All leads are located within 0.25 mm of their true longitudinal position with respect to 
No. 1 and No. 24 leads. 
All dimensions are in millimeters 

Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry 
©Oct , 1981 Toshiba Corporation 

PRELIMINARY 

Characteristics are subject to change without notice 



58 



IB Tf^H^ MOS MEMORY PMHttlKITS 



TMM2016AP: 2K WORD x 8 BIT STATIC RAM 

N CHANNEL SILICON GATE DEPLETION LOAD 



TMM20 I 6AP 



• Fast Access Time 100ns 

• Power Dissipation 

Operating Current 65mA (MAX ) 
Standby Current 7mA (MAX ) 

• 5V Single Power Supply 

• Power Down Feature CS 

• Output Buffer Control OE 



*This IS advance information and specifications are 
subject to change without notice. 



Fully Static Operation 

Easy Memory Expansion CS 

All Inputs and Outputs Directly 

TTL Compatible 
Common Data Input/Output 
Three State Outputs 
24 Pin Standard Plastic Package 

(both 0.6 inch and 0.4 inch width) 



raii™7r«r«Ti 




pm mmm 



SYMBOL 


NAME 


Ao~A3 


Column Address Inputs 


A4 ~ Aio 


Row Address Inputs 


CS 


Chip Select Input 


WE 


Write Enable Input 


l/Oi ~ l/Os 


Data Input/Output 


OE 


Output Enable Input 


Vcc 


Power (5V) 


GND 


Ground 



PMU'yj^^^a 
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Note. TcBhiba does not assume any responstbility for use of any circuitry described, no c 

the right, at any time without notice, to change said circuitry 
©Apr., 1982 Toshiba Corporation 



t patent hcenses are implied, and Toshiba reserves 
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X^IM'' 




TMM2016HD: 2K WORD x 8 BIT STATIC RAM 

N CHANNEL SILICON GATE DEPLETION LOAD 



TMM20 I 6HD 



• Fast Access Time 

tAcc = 35/45 ns 

• Power Dissipation 

Operating Current 150nnA 
Standby Current 20mA 

• 5V Single Power Supply 

• Fully Static Operation 

• Power Down Feature. CS" 



*This IS advance information and specifications a 
subject to change without notice. 



Output Buffer Control OE 
Easy Memory Expansion CS^ 
Common Data Input/Output 
All Inputs and Outputs Directly 

TTL Compatible 
Three State Outputs 
24 Pm Standard Cerdip Package 

(0.6 inch and 0.3 inch width) 



mmxm^m^^ 



A,C1 
A,C2 
A,C3 
A^C4 
A,C5 
AjC6 
A, C7 
AoC8 

I/O, C 9 

I/O, 

i/Ojdn 

GNDC12 



10 



mn fm^^ 



"vy- 



HVcc 

DA, 
DA, 
DWE 
DOE 
DA,o 
18 DCS 
17 Dl/Og 
16 Dl/0, 
15 Dl/Oj 
14 DI/O5 
13 DI/0, 



BLOCK DIAGRAM 



SYMBOL 


NAME 


Ao~A3 


Column Address Inputs 


A4 ~ Aio 


Row Address Inputs 


CS 


Chip Select Input 


WE 


Write Enable Input 


l/Oi ~ l/Os 


Data Input/Output 


OE 


Output Enable Input 


Vcc 


Power (5V) 


GND 


Ground 
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Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are innpiled, and Toshiba reserves 
the right, at any time without notice, to change said circuitry 
., 1982 Toshiba Corporation 
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CMOS Static Random Access Memories 
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4 KBit CMOS STATIC RAM COMPARISON TABLE 



1K X 4 CMOS STATIC RAM 





Device Number 


TC5514AP 


TC5513AP 


OPERATION 
MODE 


""""""^--^.Pin Name 
Mode^^"^--^^^ 


CE 


R/W 


Addresses 


l/0i^4 


Power 


CE 


R/W 


Addresses 


l/0i^4 


Power 


WRITE 


L 


L 


Valid 


Din 


Iddo 


L 


L 


Valid 


Din 


Iddo 


READ 


L 


H 


Valid 


DouT 


Iddo 


L 


H 


Valid 


DoUT 


Iddo 


STANDBY 


H 


* 


Fixed 
'H'or'L' 


High-Z 


Idds 


H 


* 




High-Z 


Idds 




H 


* 


Transition 


High-Z 


'ddo 


— 


Difference in control function 


All address input circuits are not controlled b 


/CE 
tivated 


All address input circuits are controlled by CE 

pel 


Ao° 

A9* 


Address 
Buffers 


> 


Aoo 

A,o 


Address 
Buffers 


r> 


Once address trar 
independent of C 


sjtion occ 
E input le 


:ur, the device is ac 
vels 


Only v\/hen address transition occur under the 
condition of CE = L, the device is activated 


Difference m access time from 


Address Access time 


200 ns 


Address Access time 


200 ns 


address and chi 


p enable 


Chip Enable Access time 


70 ns 


Chip Enable Access time 


200 ns 



16KBit CMOS STATIC RAM COMPARISON TABLE 



PIN CONFIGURATION 



OPERATION MODE 






Device Number 


TC5516AP 


TC5517AP 
TC5517BP 


TC5518BP 


"^^^^^^---..hn No 
Mode^\[^e 


18 


20 


21 


1-8, 22 
23,19 


9-11 
13-17 


Power 


18 


20 


21 


1-8,22 
23,19 


9-1. 
13-17 


Power 


18 


20 


21 


1-8, 22 
23,19 


9-11 
13-17 


Power 


CE3 


CE, 


R/W 


Ao~A,o 


l/0i^8 


CE 


OE 


R/W 


Ao-Aio 


l/0i^8 


CE, 


CEi 


R/W 


Ao~Aio 


l/0l^8 


WRITE 


L 


L 


L 


Valid 


D|N 


'ddo 


L 


* 


L 


Valid 


D|N 


Iddo 


L 


L 


L 


Valid 


Din 


Iddo 


READ 


L 


L 


H 


Valid 


DoUT 


Iddo 


L 


L 


H 


Valid 


DoUT 


Iddo 


L 


L 


H 


Valid 


DoUT 


Iddo 


STANDBY 1 


L 


H 


* 


* 


High-Z 


'ddo 




\ 


\ 


\ 


\ 


N. 


* 


H 


* 


* 


High-Z 


Idds 


STANDBY 2 


H 


* 


* 


* 


High-Z 


Idds 


H 




* 


» 


High-Z 


'dds 


H 


* 


* 


* 


High-Z 


Idds 


OUTPUT 
DESELECT 




\ 










L 


H 


* 




High-Z 


•ddo 


\ 


\ 








\ 



:jU^TA i^ifii^#8N,c^««M^jfi|iiffiJ^^^ rr^S-^M-'^^i, 



SYMBOL 


PARAMETER 


CONDITIONS 


Mm. 


Max. 


UNIT 


Vdr 


Data Retention Voltage 


OV ^ CE ^ 0.2V 

or 
VDD-0.2VS CESVdd*<3) 


2.0 


5.5 


V 


Idds 


Data Retention Current 


- 


Noted) 


ma 


tCDR 


Chip Deselection to 
Data Retention Time 







- 


MS 


tR 


Recovery Time 




tRcNote(2) 


- 


MS 



Note (1 ) Refer to Idds specification in individual data sheet. 
(2) • Read cycle time. 



I 



TIMING CHART 



Vdd- 
Vdd Vdr- 

GND - 




DATA RETENTION MODE 




Note (3) ■ For 16K Bit CMOS RAM, Vdd-0.5V S CE S Vdq 
Details are specified in TC551 6/1 7/18 data sheets. 
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m TOSHIBA MOS MEMORY PROOIIOTS 



256 WORD X 4 BIT CMOS RAM 



TC550 I P/- 
TC550 I D/- 



The TC5501P/D is a fully static read write memory 
organized as 256 words by 4 bits using CMOS tech- 
nology. Because of ultra low power dissipation, the 
TC5501P/D can be used as battery operated portable 
memory system and also as a nonvolatile memory 
with battery back up. The TC5501P/D operates from 
a single 5V power supply with a static operation, so 
that the no refresh periods are required This simpli- 
fies the power supply circuit design. 



The three state outputs simplify the memory ex- 
pansion making the TC5501P/D suitable for use in a 
microprocessor peripheral memory. Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needs only simple circuit. By using Toshiba's 
original C^MOS technology, the device circuitry is 
not only simplified but wide operating margin and 
noise margin are also realized. 

The TC5501P/Dis offered in standard 22 pm plastic 
and cerdip packages, 4 inch in width 



• Low Power Dissipation 

• 55axW (MAX.) STANDBY 

• 83mW (MAX.) OPERATING 

• Single 5V Power Supply 

• Data Retention Voltage 2V to 5 5V 

• Package 

• Plastic DIP TC5501P 

• Cerdip DIP. TC5501D 



A3C 
A2C 
AlC 
AoC 
AsC 
A6C 
A7C 
GNDC 

°INlC 

DOUT1C 

D|N2C 



22 ] VoD 
21 ]A4 
20 ] R/W 

18 ] OD 
17 ] CEj 
16 ]OouT4 
15]D,N4 
14 ]DouT3 
13]D,N3 
12 3DOUT2 



mU HM^EM 



Ao~A7 


Address Inputs 


R/W 


Read Write Input 


CE1.CE2 


Chip Enable Inputs 


D|N1 ~4 


Data Inputs 


DOUTI ~4 


Data Outputs 


OD 


Output Disable Input 


Vdd/gnd 


Power Supply Terminals 



• Fully static operation 

• Three State Output 

• Input/output, TTL Compatible 

• Access Time 

TC5501P/D , tACC^ 450ns (MAX.) 
TC5501P-1/D-1, tACC^ 650ns (MAX.) 
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MAXIMUM RATIM68 






SYMBOL 


ITEM 


RATING 


UNITS 


Vdd 


Power Supply Voltage 


-03-70 


V 


V|N 


Input Voltage 


-0 3 ~ Vdd +0.3 


V 


VoUT 


Output Voltage 


0~Vdd 


V 


Pd 


Power Dissipation (Ta = SS^C) 


800 


mW 


TSOLDER 


Soldering Temperature • Time 


260 10 


"C-sec 


TsTG 


Storage Temperature 


-55~150 


"C 


TOPR 


Operating Temperature 


-30-85 


*C 



SYMBOL 


PARAMETER 


MIN 


TYP. 


MAX. 


UNITS 


Vdd 


Power Supply Voltage 


4.5 


- 


55 


V 


V|H 


Input High Level Voltage 


2.2 


- 


Vdd + 3 


V 


V,L 


Input Low Level Voltage 


-0.3 


- 


0.65 


V 


Vdh 


Data Retention Voltage 


20 


- 


55 


V 



mmmmmmmw^m^am 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP(I) 


MAX. 


UNITS 


l|N 


Input Current 


0<V,n<Vdd 


- 


±0 05 


±1 


MA 


'dds 


Standby Current 


Vdd = 2.0V to 5.5V 
CEj = 0.2V, Output open 


- 


02 


10 


UiA 


•ddo 


Operating Current 


VDD=5.5V,tcYC = lMS 


-- 


6.2 


15 


mA 


"lo 


Output Leakage Current 


^ VouT ^ Vdd 


- 


±0.05 


±1.0 


MA 


'oh 


Output High Current 


Vdd = 4.5V, VoH= 2.4V 


-1.0 


-2.0 


- 


mA 


lOL 


Output Low Current 


Vdd = 4.5V, Vol = 0.4V 


2.0 


3.0 


- 


mA 



Noted) Ta-25*C Vqd " 5V 



^ilfi^i|jj^t;pv 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNIT 


C|N 


Input Capacitance 


V|N=0V,f = 1MHz 


- 


5 


10 


pF 


Cqut 


Output Capacitance 


VouT =OV,f = 1MHz 




7 


15 


PF 



Note (2) This psrameter it periodically Mmpled and it not 100% tatted. 
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• READ CYCLE 



SYMBOL 


PARAMETER 


TC5501 P/D 


TC5501P-1/D-1 


UNIT 


MIN 


MAX 


MIN 


MAX 


tRC 


Read Cycle Time 


450 


- 


650 


- 


ns 


Ucc 


Address Access Time 


- 


450 


- 


650 


ns 


tACCI 


CEj Access Time 


- 


400 


- 


600 


ns 


tACC2 


CE2 Access Time 


- 


500 


- 


700 


ns 


tODO 


OD Access Time 


- 


250 


- 


350 


ns 


tCOE 


Output Enable Time 





- 





- 


ns 


to IS 


Output Disable Time 





130 





150 


ns 


tOH 


Output Data Hold Time 





- 





- 


ns 



• WRITE CYCLE 



A.C. TEST CONDITIONS 

• Output Load 100 pF + 1 TTL Gate 

• Input Pulse Levels 45V, 2 4V 

• Timing Measurement Reference Levels 

Input 65V, 2.2V 

Output 65V, 2 2V 

• Input Pulse Rise and Fall Times 10ns 



I 



SYMBOL 


PARAMETER 


TC5501P/D 


TC5501P-1/D-1 


UNIT 


MIN 


MAX 


MIN 


MAX 


twc 


Write Cycle Time 


450 


- 


650 


- 


ns 


tAW 


Address Setup Time 


130 


- 


150 


- 


ns 


tew 


CE2 Setup Time 


130 


- 


150 


- 


ns 


twp 


Write Pulse Width 


250 


- 


400 


- 


ns 


tDS 


Data Setup Time 


250 


- 


400 


- 


ns 


tDH 


Data Hold Time 


50 


- 


100 


- 


ns 


tWR 


Write Recovery Time 


50 


- 


50 


- 


ns 
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Read Cycle 



^m&ft//*^^'^^- ^'"■•' ^s^^^^^»f?f !^>»s 





1 


'"^ 


1 






ADDRESS 


drvir 


ViL 


l< 


cii 




1 *ACC 


"'Tj 


1 .tOH 






.V,H 
VVIL 


^^ 
















T tACCI 














tois 














CE2 


^ 


tACC2 






vil\ 









tcOE 








tDIS 








v,„. 


1 






OD 


'SivJl 














tODO 












tco^ 




.tois 








■ 




DOUT 




/ \i 


VOH 

N 




\rv 








UNKNOW 


"""""vp^^-r 



Write Cycle 1 






Zf' 



ViL- 



Jllk 



VviL 



7' 



^» 



i!(= 



ViH- 






Write Cycle 2 






^ 



;iill^ 



.V!k_ 
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TYPICAL CHARACTERISTICS 
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OUTLINE DRAWINGS 



PLASTIC PACKAGE 



22 21 20 19 18 17 16 15 14 13 12 
I rp rfi rfi rp rp rp rp rp rp rt.- 




10.16 ±0.05 



I 



:3 



5 +0-1 
° -0.05 

10.41 ~ 11.51 



CERDIP PACKAGE 



22 21 20 19 .18 17 16 15 14 13 12 
nnrnnni-if-ir-ii-ir-in 
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1 


27 6 MAX. 








00 






* 
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\1 




5 
IrfJ 


iTOin 


ffWf 




_^ 


II 11 u u u u 

-J 1— 2.54 ±0 25*. 


U U U U 

— 1.4±0 15 






-^ 


- — 05±0 15 



31 -JS?I 



Notes Each lead pitch is 2 54 mm All leads are located within 
25 mm of their true longitudinal position with respect to 
No 1 and No 22 leads 



Note: Toshiba does not assume any responsibility for use of any circuitry described, no c 

right, at any time without notice, to change said circuitry 
©Mar., 1981 Toshiba Corporation 



t patent licenses are implied, and Toshiba reserves the 
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B TOSHIBA MOS MEMORY PRODUCTS 



1024 WORD X 1 BIT CMOS RAM 

SILICON GATE CMOS 



TC5508P 
TC5508P- I 



TC5508P-4 



The TC5508P is a static read write memory 
organized as 1024 words by 1 bit using CMOS 
technology. Because of ultra low power dissipation, 
the TC5508P can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC5508P oper- 
ates from a single 5V power supply with a static 
operation, so that the no refresh periods are required. 
This simplifies the power supply circuit design. 



Low Power Dissipation 

• 55mW (MAX.) STANDBY 

• 55mW (MAX.) OPERATING 
Single 5V Power Supply 

Data Retention Voltage; 2.0~5.5V 
16 PIN Plastic Package 
Static Operation 



The three state output simplify the memory 
expansion making the TC5508P suitable for use in a 
microprocessor peripheral memory. Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needs only simple circuit. By using 
Toshiba's original C^MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized. 

The TC5508P family is moulded in a dual-in-line 
16 pin plastic package, 0.3 inch in width. 



• Three State Output 

• Input/Output; TTL Compatible 

• Latched Address Inputs 

• Access Time 

TC5508P ; tAcc = 370ns (MAX.) 
TC5508P-4, tAcc = 450ns (MAX.) 
TC5608P-1 ; tAcc = 550ns (MAX.) 



(TOP VIEW) 



Cf C 1 
A3C 2 
A,C 3 
A,C 4 
AoC 5 
A4C 6 

DoutC 7 

GND C 8 



16 3VdD 
15 3D,n 
14 IRAN 
13 3 A, 
12 JAg 
11 ]A, 
10 3 Aj 
9 3 A, 



A„~A, 


Address Inputs 


R/W 


Read Write Input 


CE 


Chip Enable Input 


D|N 


Data Input 


DOUT 


Data Output 


Vdd/gnd 


Power Supply Terminals 



JUK%PIA9R«llt 





1 

9 
tc 

1 

1 


Ao° 


A.o 









8^1^ 



Mennory Cell Array 
32x32 



;^:>^ 



i«t>- 



OVoD 
OGND 



•^ DoUT 



Column Decoder 



Column Address 
Register 



TTTTT 
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SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-03-70 


V 


V|N 


Input Voltage 


-0 3 ~ Vdd + 3 


V 


VOUT 


Output Voltage 


0~Vdd 


V 


Pd 


Power Dissipation (Ta = 85°C) 


500 


mW 


TSOLDER 


Soldering Temperature • Time 


260 • 10 


°C-sec 


TSTG 


Storage Temperature 


-55 ~ 1 50 


°C 


TOPR 


Operating Temperature 


-30 ~ 85 


°C 



D*a CMARACTER4STICS (Ta = -30~85°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP (1) 


MAX 


UNIT 


l|N 


Input Current 


OV^Vin^Vdd 


- 


±0 05 


±1 


/xA 


'dds 


Standby Current 


Vdd = 2V~5 5V 

CE = Vdd-0 2V Output open 

Other lnputs=0.2Vor Vdd-0 2V 


- 


02 


10 


fxA 


'ddo 


Operating Current 


Vdd = 5 5V, tcYc= iMs 


- 


6 


10 


mA 


ILO 


Output Leakage Current 


OV^VquT^Vdd 


- 


±0 1 


±5 


ma 


lOH 


Output High Current 


Vdd=4 5V,Voh=2 4V 


-1 


-2 


- 


mA 


lOL 


Output Low Current 


Vdd=4 5V, VoL=0 4V 


20 


30 


- 


mA 


C| (2) 


Input Capacitance 


f= 1MHz 


- 


5 


10 


pF 


Co (2) 


Output Capacitance 


f = 1MHz 


- 


7 


15 


pF 



Note (1 ) Ta = 25° C Vqd = 5V 

Note (2) This parameter is periodically sampled and is n 



t 100% tested 



D.C. RECOMMENDED OPERATING CONDITtONS 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Vdd 


Power Supply Voltage 


45 


50 


55 


V 


V,H 


Input High Level Voltage 


Vdd-2 




Vdd +0 3 


V 


V,L 


Input Low Level Voltage 


-0 3 


_ 


08 


V 


Vdh 


Data Retention Voltage 


20 


- 


55 


V 



A.€, CHARACTERISTICS (Ta = 

• TC5508P 



-30-85° C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tACC 


Access Time 


Vdd =45~55V 
Vqh = 2 4V 
Vol = 8V 
Cl = 100pF 


- 


- 


370 


ns 


tcOE 


CE To Output Enable Time 





- 


- 


ns 


tDIS 


CE To Output Disable Time 


- 


- 


100 


ns 


tROE 


R/W To Output Enable Time 





- 


- 


ns 


tROD 


R/W To Output Disable Time 


- 


- 


100 


ns 
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• TC5508P-4 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


tACC 


Access Time 


Vdd =4.5- 5.5V 
VoH=2.4V 
Vol = 0.8V 
Cl = 100pF 


- 


- 


450 


ns 


tCOE 


CE To Output Enable Time 





- 


- 


ns 


tDIS 


CE To Output Disable Time 




- 


130 


ns 


tROE 


R/W To Output Enable Time 





- 


- 


ns 


tROD 


R/W To Output Disable Time 


- 


- 


130 


ns 



• TC5508P-1 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX. 


UNIT 


tACC 


Access Time 


Vdd =45~55V 
VoH = 2 4V 
Vq L = 8V 
Cl = 100pF 


- 


- 


550 


ns 


tcOE 


CE To Output Enable Time 





- 


- 


ns 


tDIS 


CE To Output Disable Time 


- 


- 


150 


ns 


tROE 


R/W To Output Enable Time 





- 


- 


ris 


tROD 


R/W To Output Disable Time 


- 


- 


150 


ns 



• TC5508P 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX. 


UNIT 


tAS 


Address Setup Time 


Vdd = 4 5~5 5V 

Cl = 100 pF 

V|h-Vdd-2 0V~Vdd+0 3V 

V|L=0 8V 

Ta=-30~85°C 


20 


- 


ns 


tAH 


Address Hold Time 


50 


- 


ns 


tpc 


Precharge-Time 


80 


- 


ns 


tCE 


CE Pulse Width 


370 


- 


ns 


twp 


Write Pulse Width 


200 


- 


ns 


tws 


Write Setup Time 





- 


ns 


tWH 


Write Hold Time 


200 


- 


ns 


tCEH 


CE Hold Time 


200 


- 


ns 


tow 


Output Valid to R/W 





- 


ns 


tDS 


Data Setup Time 


200 


- 


ns 


tDH 


Data HoW Time 





- 


ns 


tRS 


Read Setup Time 





- 


ns 


tRH 


Read Hold Time 





- 


ns 



• TC5508P-4 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNIT 


tAS 


Address Setup Time 


Vdd = 4 5 ~ 5.5V 

Cl = 100 pF 

V|H =Vdd-2 OV-Vdd+O.SV 

V,L =0.8V 

Ta = -30-'85*C 


20 


_ 


ns 


tAH 


Address Hold Time 


80 


_ 


ns 


tpc 


Precharge Time 


100 


- 


ns 


tCE 


CE Pulse Width 


450 


- 


ns 


tWP 


Write Pulse Width 


250 


- 


ns 


tws 


Write Setup Time 





- 


ns 


tWH 


Write Hold Time 


250 


- 


ns 


tCEH 


CE Hold Time 


250 


_ 


ns 


tow 


Output Valid to R/W 





- 


ns 


tDS 


Data Setup Time 


250 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tRS 


Read Setup Time 





_ 


ns 


tRH 


Read Hold Time 





- 


ns 
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• TC5508P-1 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


tAS 


Address Setup Time 


Vdd=4.5~5.5V 

Cl=100pF 

V|h=Vdd-2.0V~ Vdd +0.3V 

V,L=0.8V 

Ta = -30~85°C 


20 


~ 


ns 


tAH 


Address Hold Time 


80 




ns 


tpc 


Precharge Time 


150 


- 


ns 


tCE 


CE Pulse Width 


550 


- 


ns 


twp 


Write Pulse Width 


300 


- 


ns 


tws 


Write Setup Time 





- 


ns 


tWH 


Write Hold Time 


300 


- 


ns 


tCEH 


CE Hold Time 


300 


- 


ns 


tow 


Output Valid to R/W 





- 


ns 


tDS 


Data Setup Time 


300 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tRS 


Read Setup Time 





- 


ns 


tRH 


Read Hold Time 





- 


ns 



TtMINQ WAVerOHMS 

• Read Cycle 



DquT 



• Early Write Cyde 1 






TTTT 

STABLE V 



rX 



tRS 



DON'T CARE 



X 



V,H 
tRH 



:^ 












''v^H '^\ V, 



DON'T CARE 



;^jrjf^ 



\^ V|L 



J^{ 



D,N DON'T CARE 



DquT 



ViL_ 



llLK 



DON'T CARE 



k. HIGH 2 
WN |/^ 
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• Early Write Cycle 2 



' ii'r. ^--°^^ y,TK 



V|h\j^ 



a 



DON'T CARE 



DON'T CARE 



J^f^ 



Aiik. 



^TITT 



TJPj/ 

Ikjf\ 



DOUT 



• Read Modify Write Cycle 



Xll^fZISX 



^^'" "'A 



DON'T CARE 



DON'T CARE 



X 



*ACC . ,^OW 



J^f 



^ ,V.L V.l/ 






STABLE 
tROD I *ROE 



DON'T CARE 



^ ^COE tROD I ^HOE ^DIS 

HIGH Z 1/ Sj'V^H NHtGH Z 1/ ""^, H 

\ A^ l^ v-y~ 



UNKNOWN VALID 
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e^lfPllllMWINQS 



16 15 


14 13 12 11 


10 9 

r+1 n. 


ir 






iL 




■H l-i-l 




Lp L»^ 




Note Each lead pitch is 2.54mm All leads are located withii 
of their longitudinal position with respect to No. 1 anti 



25mm 
No 16 le) 



Note: Toshiba does not assume any responsibility for use of any circuitry c 

the right, at any time without notice, to change said circuitry. 
©Sept., 1979 Toshiba Corporation 



uit patent licenses are implied, and Toshiba reserves 
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B TOSHIBA MOS MEMiiYM^ 



1024 WORD X 4BIT CMOS RAM 

SILICON GATE CMOS 



TC5047AP- I 
TC5047AP-2 



mmmnmn 

The TC5047AP is a static read write memory 
organized as 1024 words by 4 bits using CMOS 
technology. Because of ultra low power dissipation, 
the TC5047AP can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC5047AP 
operates from a single 5V power supply with a static 
operation, so that the no refresh periods are required. 
This simplifies the power supply circuit design. 



PiATURiS 

» Low Power Dissipation 

iiomW(max) standby 

110mW(MAX.) OPERATING 
» Single 5V Power Supply 

• Data Retention Voltage, 2.0~5.5V 

• 20 PI N Plastic Package 

PIN mmmmim 

(TOP VIEW) 




nn um^ 



Ao~A, 


Address Inputs 


R/W 


Read Write Input 


CE., CE, 


Chep Enable inputs 


Data l/0,^« 


Data Input/Output 


OD 


Output Disable Input 


Vdd/CSND 


Power Supply Terminals 



The three state outputs simplify the memory 
expansion making the TC5047AP suitable for use m a 
microprocessor peripheral memory. Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needs Only simple circuit. By using 
Toshiba's original C^MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized. 

The TC5047AP family is moulded in a dual-in-line 
20 pin plastic package, 0.4 inch in width. 



• Static Operation 

• Three State Outputs 

• Input/Output, TTL Compatible 

• Access Time 

TC5047AP-1 , tAcc ^ 550ns (MAX.) 
TC5047AP-2, t^cc ^ 800ns (MAX.) 



I 



:::^i^i^fl^^i^^£. 
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MAXIMUM RATtN^ 



SYMBOL 


ITEM 


RATING 


UNIT 


vdd 


Power Supply Voltage 


-03-70 


V 


V|N 


Input Voltage 


-0 3 ~ Vdd + 03 


V 


VouT 


Output Voltage 


0-Vdd 


V 


Pd 


Power Dissipation (Ta = 85°C) 


700 


mW 


TSOLDER 


Soldering Tennperature • Time 


260- 10 


°C • sec 


TSTG 


Storage Temperature 


-55-150 


°C 


ToPR 


Operating Temperature 


-30 ~ 85 


°C 



l^^i^^^iifig^ 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


50 


5.5 


V 


V,H 


Input High Level Voltage 


Vdd-1 5 


- 


Vdd+0.3 


V 


V|L 


Input Low Level Voltage 


-0 3 


- 


0.6 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


5.5 


V 



(Ta = -30-85°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. (1) 


MAX. 


UNIT 


l|N 


Input Current 


OV^ViN ^Vdd 





±0.05 


±1 


MA 


'dds 


Standby Current 


Vdd=2~55V 

CEj = 2V, Output Open 





02 


20 


ma 


'ddo 


Operating Current 


Vdd=5 5V, tcYc=lMS 





10 


20 


mA 


ILO 


Output Leakage Current 


OV^Vout^Vdd 





±0 1 


±5 


AxA 


•oh 


Output High Current 


Vdd=4 5V. Voh = 2.4V 


-1.0 


-2.0 


- 


mA ' 


'OL 


Output Low Current 


Vdd = 4.5V, Vol = 0.4V 


1.6 


20 


- 


mA 


C, (2) 


Input Capacitance 


f=1MHz 


- 


5 


10 


pF 


Co (2) 


Output Capacitance 


f=1MHz 


- 


7 


15 


pF 



Note <1 ) Ta - 25 C, Vpo = 5 V 

Note (2) This parameter is periodically sampled and is not 100% tested. 
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• TC5047AP-1 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNIT 


Trc 


Read Cycle Time 


Vdd=4 5~5 5V 
Cl = 100pF 
V|h = Vdd-15V 
~ Vdd + 3V 
V|L = -03~0 6V 
Ta = -30 ~ 85°C 


650 


- 


ns 


twc 


Write Cycle Time 


650 


- 


ns 


tCES 


CE Setup Time 


20(3) 


- 


ns 


tCEH 


CE Hold Time 


20(3) 


- 


ns 


tpc 


Precharge Time 


100 


- 


ns 


tCE 


CE Pulse Width 


550 


- 


ns 


tWP 


Write Pulse Width 


300 


- 


ns 


tDS 


Data Setup Time 


300 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tew 


Write Setup Time 


350 


- 


ns 


tRS 


Read Setup Time 





- 


ns 


tRH 


Read Hold Time 





- 


ns 



Note (3) tcEs + ^CEH = ^ 

• TC5Q47AP-2 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


tRC 


Read Cycle Time . 


Vdd=4 5~5 5V 
Cl = 100pF 
V|h = Vdd-1 5V 
~ Vdd + 3V 
V||_ = -0 3~0 6V 
Ta = -30~85°C 


1000 


- 


ns 


twc 


Write Cycle Time 


1000 


- 


ns 


tCES 


CE Setup Time 


20(4) 


- 


ns 


tCEH 


CE Hold Time 


20(4) 


- 


ns 


tpc 


Precharge Time 


200 


- 


ns 


tCE 


CEPul.se Width 


800 


- 


ns 


twp 


Write Pulse Width 


500 


- 


ns 


tDS 


Data Setup Time 


500 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tew 


Write Setup Time 


550 


- 


ns 


tRS 


Read Setup Time 





- 


ns 


tRH 


Read Hold Time 





- 


ns 



Note (4) tcES + *CEH = 200 ns 

• TC5047AP-1 



(Ta = -30-85° C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX. 


UNIT 


tACC 


Access Time 


Vdd = 4 5~5 5V 

Cl = 100 pF 

VoH=2 4V,VoL=0.6V 


- 


- 


550 


ns 


tDIS 


Output Disable Time 


- 


- 


100 


ns 


tcOE 


Output Enable Time 


- 


100 


- 


ns 


• TC5047AP-2 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tACC 


Access Time 


Vdd=4 5~5 5V 

Cl = 100pF 

VoH=2 4V,VoL = 6V 


~ 


- 


800 


ns 


tDIS 


Output Disable Time 




- 


200 


ns 


tcOE 


Output Enable Tfme 


- 


200 


- 


ns 
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TIMING WAVEFORMS 

• ReadCyde 



MV.H 
tCES *CEH 

\viL 



"H^ 












VALID DATA 



~\ HIGH 



• Write Cycle 



:<^ ,V|L 
S ^CEH 

tpc 

\V|L V|l/ 






;^ViH 



"\ ^ Lf^^^ 7" 

\, ^"^ ^l / 



" \ HIGH Z ]'V|H DATA IN '^^U^ 

_y \V|L STABLE V,l/\ 



DON'T CARE 
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VOH - 'oh 













Ta 


= 25° C 














Vdd "= '^■sv 


















--^ 


















^**' 




v,_ 
















^ 


\ 


















N 


















\ 





2 3 4 5.0 
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Vol = 4V 
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l|j l|j 4j l|j ljj ' lIj Lp ljj lIt ^ 

12 3456789 10 




Note Each lead pitch is 2 54mm All lead 
are located within 25 mm of the 
true longitudinal position with re*""? 
to No 1 and No 20 leads 



Note Toshiba does not assume any responsibility for use of any circuitry 

the right, at any time without notice, to change said circuitry. 
©Mar , 1980 Toshiba Corporation 



described, no circuit patent licenses are implied, and Toshiba reserves 
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■ TOSMIA MOS MEMORY 



:ij 



4096WORD X 1 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC5504AP.2/-3, TC5504APL.2/-3 
TC5504AD-2/-3, TC5504ADL-2/-3 



The TC5504AP/AD is a 4,096 bit high speed and 
low power static random access memory organized as 
4.096 words by 1 bit using CMOS technology, and 
operates from a single 5-volt supply. 

On chip latches are provided for addresses, data 
input and output, and read write control allowing 
efficient interfacing with microprocessor systems 

The TC5504AP/AD is a fully CMOS RAM, there- 
fore It IS suited for use in low power applications 
where battery operation and battery back up for non- 

• Standby Current 

2juA(Max ) atTa = 25°C 
I.OmA (Max )atTa = 60°C 
20mA (Max.) • TC5504AP/AD 

• Low Pow&r Dissipation 15mW (Typ ) operating 

• Single 5V Power Supply 5V ± 10% 

• Data Retention Supply Voltage . 2 ~ 5 5V 

• All Inputs and Output Directly TTL Compatible 



TC5504APL/ADL 



volatility are required Furthermore the TC5504APL/ 
ADL guaranteed a standby current equal to or less 
than IjtiA at 60''C ambient temperature 

The TC5504AP/AD is guaranteed for data reten- 
tion at a power supply as low as 2 volts The TC5504 
AP/AD IS directly TTL compatible in all inputs and 
output 

The TC5504AP/AD is offered in both standard 18 
pin plastic and cerdip packages, 0.3 inch in width 



Access Time 

200ns (Max) TC6504AP/APL/AD/ADL-2 

300ns (Max) TC5504AP/APL/AD/ADL-3 

Static Operation 

On Chip Address Register 

Three State Output 

Plastic DIP TC5504AP/APL 
Cerdip DIP TC5504AD/ADL 



mnmmumt^^ 



(TOP VIEW) 



BLIK^Km^BMfl 



AqC 1 
A, [2 
A4C3 
As [4 
A2C& 
A3C6 

DqutC 7 

R/WC 8 
GNDC 9 



18]Vdd 

17]Aii 

16]Aio 

15]A9 

14]A8 

13]A7 

I2IA6 

10 ]CE 



pmujmm 



Ao~An 


Address Inputs 


R/W 


Read Write Control Input 


CE 


Chip Enable Input 


D|N 


Data Input 


DoUT 


Data Output 


Vdd 


Power 


GND 


Ground 




C ^ DoUT 
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SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-03~70 


V 


V|N 


Input Voltage 


-0.3 --7.0 


V 


VoUT 


Output Voltage 


0~Vdd 


V 


Pd 


Power Dissipation 
(Ta=S5''C) 


TC5504AP/APL 


550 


mW 


TC5504AD/ADL 


800 


mW 


TsOLDER 


Soldering Temper-ature Time 


260 10 


''Csec 


TSTG 


Storage Templrature 


-55-150 


°C 


ToPR 


Operating Temperature 


-30-85 


•*c 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 


- 


Vdd + 0.3 


V 


V,L 


Input Low Voltage 


-0.3 


_ 


0.8 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


5-5 


V 



^^ 


^^^^■(Vdd = 


5V ± 10%, Ta = -30°C to 85*'C, unless otherwise noted) 






SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP.d) 


MAX 


UNIT 


l|L 


Input Leakage Current 


OV^Vin^Vdd 


- 


_ 


±10 


MA 


Ilo 


Output Leakage Current 


CE = Vdd - 2V, OV ^ VouT ^ Vdd 


- 


- 


±5.0 


MA 


lOH 


Output High Level Current 


VoH=2 4V 


-1 


- 


- 


mA 


lOL 


Putput Low Level Current 


Vol = 4V 


2.0 


- 




mA 


Idds 


Standby Current 


Vdd = 2V - 5.5V 
CE= Vdd -0.2V 
other inputs = 
2V or Vdd - 0.2V 


TC5504APL 
TC5504ADL 


Ta = 25''C 


- 


- 


02 


HA 


Ta = eO^C 


- 


- 


10 


TC5504AP 
TC5504AD 


- 


05 


20 


. MA 


'ddoi 


Operating Current 


tcycle = 1/^, louT=OmA 


- 


, - 


100 


mA 


IdD02 


tcycle = IMS, V|h = V dd V|l = OV, Iqut = 0mA 


- 


30 


5.0 


mA 



Noted) Vdd =5V, Ta = 25'*C 



R: (Ta = ZB^C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


V|N =0V f = 1MHz 


- 


4 


8 


pF 


Cqut 


Output Capacitance 


VouT==OV f = 1MHz 


1 ^ 


10 


pF 



Note (2). This parameter is periodically sampled and is not 100% tested 
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:^ii^BM0f^^^^ (Vdd = 5V ± 10%, Ta = -30'*C to 85*C, unless otherwise noted) 



SYMBOL 


PARAMETER 


TC5504AP-2/APL-2 
TC5504AD-2/ADL-2 


TC5504AP-3/APL-3 
TC5504AD-3/ADL-3 


UNIT 




MIN 


MAX 


MIN. 


MAX 


tRC 


Read Cycle Time 


300 


- 


420 


- 


ns 


twc 


Write Cycle Time 


300 


- 


420 


- 


ns 


tRMWC 


Read Modify Write Cycle Time 


390 


- 


580 


- 


ns 


tAS 


Address Setup Time 


5 


- 


5 


- 


ns 


tAH 


Address Hold Time 


60 


- 


80 


- 


ns 


tpc 


PrechargeTime 


80 


- 


100 


- 


ns 


tCEH 


Chip Enable Hold Time 


200 


- 


300 


- 


ns 


tACC 


Access Time 


- 


200 


- 


300 


ns 


tOD 


Output Disable Time 


- 


70 


- 


100 


ns 


tCOE 


Output Enable Time 





- 





- 


ns 


^ tRS 


Read Setup Time 





- 





- 


ns 


tRH 


Read Hold Time 





- 





- 


ns 


tws 


Write Setup Time 





- 





- 


ns 


tWH 


Write Hold Time 


60 


- 


80 


- 


ns 


tDS 


Data Setup Time 


5 


- 


5 


- 


ns 


tDH 


Data Hold Time 


60 


- 


80 


- 


ns 


%CH 


Write Enable to CE Hold Time 


80 


- 


150 


- 


ns 


tMD 


Modify Time 





- 





- 


ns 



Output Load IOOdF + 1TTL Gate 

Input Pulse Levels : 6 ~ 2 4V 
Timing Measurement Reference Levels 
Input 0.8V and 2.2V 

Output 0.8V and 2.2V 

Input Pulse Rise and Fall Times . 10 ns 
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• HEAD CYCLE 
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HIGH IMPEDANCE 
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• WRITE CYCLE 
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Idds 


vs. Vdd 














Ta = 25°C 

ce = vdd 

V|N=Vdd 
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Idds vs. Tg 
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V|H,V|L VS. Vdd 
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3.0 4.0 5.0 6.0 

Vdd (V) 

lOH VS. VoH 



\ 


\, 






Ta 


= 25''C 






\ 


\, 




Vdd = 4.5V 






\ 


N 














\ 
















\ 














\ 







2.0 3.0 4.0 5.0 
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OUTLINE DRAWINGS 

• PLASTIC PACKAGE 



18 17 16 15 14 13 12 11 10 



12 3 4 5 6 7 
22.8 MAX. 





°25_o:o5 
. 7 62~8.8 



• CERDIP PACKAGE 



18 17 16 15 14 13 12 11 10 




Not* Each l«ad pitch is 2 54 mm All iMd* are locatad within 2Smm of thair longitudinal pi 
with raapact to No 1 and No IB laads 
a in millimatara 



Note: Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are innpiied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 
©Feb., 1981 Toshiba Corporation 



1024 WORD X 4 BIT CMOS RAM 

SILICON GATE CMOS 



TC55I4P TC55I4P-I 
TC55 I 4P-2 



The TC5514P is a full static read write memory 
organized as 1024 words by 4 bits using CMOS 
technology. Because of ultra low power dissipation, 
the TC5514P can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC5514P oper- 
ates from a single 5V power supply with a static 
operation, so that the no refresh periods are required. 
This simplifies the power supply circuit design 



Low Power Dissipation 

1 10 mW (MAX.) STAND BY 

1 lOmW (MAX.) OPERATING, TC5514P-1/-2 

138mW (MAX.) OPERATING, TC5514P 

Data Retention Voltage 2V to 5.5V 

Single 5V Power Supply 

18 PIN Plastic Package 



The three state outputs simplify the memory 
expansion making the TC5514P suitable for use in a 
microprocessor peripheral men^ory. Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needs only simple circuit By using 
Toshiba's original C^MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized. 

The TC5514P family is moulded in a dual-in-line 
18-pin plastic package, 0.3 inch in width. 



Full Static Operation 

Three State Outputs 

Input/Output TTL Compatible 

Access Time 

TC5514P , tAcc = 450ns (MAX.) 

TC5514P-1, tAcc = 650ns (MAX.) 

TC5514P-2; tAcc = 800ns (MAX.) 



I 



(TOP VIEW) 



A6[ 1 
AsC 2 
A4C 3 
A3C 4 
Ao[ 5 
Ai [ 6 
A2 C 7 
CE[ 8 
GNO [ 9 



IWPl-l^ipWrap 



18 3Vdd 
17 ]A7 
16 ]A8 
15 ]A9 
14 ]Oata l/Oi 
13 ]Data l/Oj 
12 ]0atat/03 
11] Data 1/O4 
10 ]R/W 



Ao-A, 


Address Inputs 


R/W 


Read Write Input 


CE 


Chip Enable Input 


Datal/Oj ~4 


Data Input/Output 


Vdd/GND 


Power Supply Terminal 











0— 


1 


1 


Memory Cell Array 


— 


1 

1 


1 

IE 


64 X 64 


— 









DVoD 
aGND 
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SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-O.3'-7.0 


V 


V|N 


Input Voltage 


-0.3~Vdd+0.3 


V 


VOUT 


Output Voltage 


O'-Vdd 


V 




Pd 


Power Dissipation (Ta = SS^C) 


550 


mW 


TSOLDER 


Soldering Temperature • Time 


260-10 


''C sec 


TSTG 


Storage Temperature 


-55-150 


''C 


TOPR 


Operating Temperature 


-ao-ss 


"C 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Level Voltage 


2.2 


- 


Vdd +0.3 


V 


VfL 


Input Low Level Voltage 


-0.3 


- 


0.65 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


5.5 


V 



: -30 - 85**C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. (1) 


MAX. 


UNIT 


l|N 


Input Current 


O^Vin^Vdd 


- 


±0.05 


±1.0 


HA 


Idds 


Standby Current 


Vdd = 2V to 5.5V 

CE = Vdd -0.2V; Output Open 

Other Inputs = 0.2V or Vdd -0-2V 


- 


02 


20 


MA 


Iddo 


Operating Current 


Vdd = 5.5V. tcyc = IMS 
Output Open 


TC5514P 


- 


13 


25 


mA 


TC5514P-1/-2 


- 


10 


20 


mA 


ko 


Output Leakage Current 


O^Vqut^Vdd 


- 


±0.05 


±1.0 


ma 


lOH 


Output High Current 


Vdd = 4.5V. VoH = 2.4V 


-1.0 


-2 


- 


mA 


lOL 


Output Low Current 


Vdd = 4.5V. Vol = 0.4V 


2.0 


3.0 


- 


mA 


C, (2) 


Input Capacitance 


f=lMHz 


- 


5 


10 


pF 


Co (2) 


Output Capacitance 


f=1MHz 


- 


7 


15 


pF 



Not«(1) Ta-aS^C VoD-SV 

(2) This par«mtt«r it pwiodically samplad and it not 100% tattad. 
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A.C. RECOMMENDED OPERATING CONDITION 

TC5514P 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


tRC 


Read Cycle Time 


Vdd= 4.5- 5.5V 
Cl = 100pF + 1 TTLGate 
V|h=22~Vdd+0 3V 
V|L = -0.3 ~ 65V 
Ta = -30~85°C 


450 


- 


ns 


twc 


Write Cycle Time 


450 




ns 


tWP 


Write Pulse Width 


350 




ns 


tDS 


Data Setup Time 


200 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tWR 


Write Recovery Time 





- 


ns 


tAW 


Addre^Setup Time 


30 


- 


ns 


tOH 


Outp^j^-Data Hold Time 


30 


- 


ns 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


tRC 


Read Cycle Time 


Vdd= 4.5- 5.5V 
Cl = 100pF + 1 TTLGate 
V|H = 2.2 ~ Vdd + 0.3V 
V,L= -0.3- 0.65V 
Ta = -30~85*'C 


650 


- 


ns 


twc 


Write Cycle Time 


650 


_ 


ns 


tWP 


Write Pulse Wfdth 


350 


- 


ns 


tDS 


Data Setup Time 


200 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tWR 


Write Recovery Time 





- 


ns 


tAW 


Address Setup Time 


50 


- 


ns 


tOH 


Output Data Hold Time 


30 


- 


ns 



I 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


tRC 


Read Cycle Time 


Vdd = 4.5 ~ 5.5V 
Cl = lOOpF + 1 TTL Gate 
V,H =2.2- Vdd + 0.3V 
V,i.= -0.3-0 65V 
Ta = -30 - 85*'C 


800 


- 


ns 


twc 


Write Cycle Time 


800 


- 


ns 


tWP 


Write Pulse Width 


450 


_ 


ns 


tDS 


Data Setup Time 


250 


- 


ns 


tDH 


Data Hold Time 





_ 


ns 


tWR 


Write Recovery Time 





- 


ns 


tAW 


Address Setup Time 


50 


- 


ns 


tOH 


Output Data Hold Time 


30 


- 


ns 
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A.C.CNARACTEril8TICS (Ta = 
TC5514P 



-30 - 85''C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


Ucc 


Access Time 


Vdd = 4.5 ~ 5.5V 

Cl = 100pF 

VoH = 2.2V. Vol =0 65V 


_ 


- 


450 


ns 


tco 


CE Access Time 


- 


- 


450 


ns 


tDIS 


Output Disable Time 


- 


- 


150 


ns 


tCOE 


Output Enable Time 


20 


150 


- 


ns 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


tACC 


Access Time 


Vdd = 4.5 - 5.5V 

Cl = 100pF 

Vqh = 2.2V, Vol = 0.65V 


- 


- 


650 


ns 


tco 


CE Access Time 


- 


- 


650 


ns 


tDIS 


Output Disable Time 


- 


- 


150 


ns 


tCOE 


Output Enable Time 


20 


150 


- 


ns 



TC5514P-2 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


tACC 


Access Time 


Vdd = 4.5 - 5.5V 

Cl'IOOpF 

VoH = 2.2V. Vol = 0.65V 


_ 


_ 


800 


ns 


tco 


CE Access Time 


- 


- 


800 


ns 


tDIS 


Output Disable Time 


- 


- 


200 


ns 


tCOE 


Output Enable Time 


20 


200 


- 


ns 
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wmmmmm^mm 



• Read Cycle 



(1) 



V|L. /S .V|L 



• Write Cycle 1 (R/W Controlled) 



ViH yv,H 



V|H V~ 



Vol Vol 



7M 



V|hV 



^^ ^jimm 



J 



/.Vi'l 



VihV 
VilA 



• Write Cycle 2 (CE Controlled) 



IHUVih 

il.A.Vil 



^^^ ^"" 



^^^m^ 









VlH- 
V|L. 



<: 



Notes: (1) R/W is high for a Read Cycle. 

(2) If the CE low transition occurs simultaneously with the R/W low transition, the output 
buffers remain in a high impedance state. 
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OUTLINfllppliii^ 



18 17 16 15 14 13 12 11 10 




Note. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal 
position with respect to No. 1 and No. 18 leads. 



Note: To^iba does not Msunne any responsibility for us* of any circuitry described; no circuit patent 

theVight. at any time without notice, to chanfle said circuitry. 
OSapt., 197i Toshiba Corporation 



licenses are Implied, end Toshiba reserves 
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■ TOSHIBA MOS MEMORY PRODUCTS 



1024 WORD X 4 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC55I4AP-2/-3, TC55 I 4APL-2/-3 
TC55I4AD-2/-3, TC55 I 4ADL-2/-3 



'i^^^^l^O^PP'>^' 



The TC5514AP/AD is a 4,096 bit high speed and 
low power static random access memory organized as 
1 ,024 words by 4 bits using CIVIOS technology, and 
operates from a single 5-volt supply. 

The TC5514AP/AD is compatible with the indus- 
try produced NMOS 21 14 type 4KRAM, yet offers a 
more than 90% reduction m power of their NMOS 
equivalents. 

The TC5514AP/AD is a fully CMOS RAM, there- 
fore it is suited for use in low power applications 
where battery operation and battery back up for 



nonvolatility are required Furthermore the TC5514 
APL/ADL guaranteed a standby current equal to or 
less than liuA at 60° C ambient temperature is availa- 
ble 

The TC5514AP/AD is guaranteed for data reten- 
tion at a power supply as low as 2 volts The TC5514 
AP/AD is directly TTL compatible in all inputs and 
outputs 

The TC5514AP/AD is offered in both standard 18 
pin plastic and cerdip packages, 0.3 inchs in width 



• Standby Current 

20ju A (Max ) TC551 4AP/AD 

• Low Power Dissipation . 15mW (Typ.) operating 

• Single 5-volt Supply 5V±10% 

• Data Retention Supply Voltage 2 ~ 5.5V 

• Three State Outputs 

• Alllnputs and Outputs Directly TTL Compatible 

(TOP VIEW) 



AsC 2 
A4[ 3 
A3C4 
Ao[ 5 
AiC 6 
AaC 7 
C?C8 
GNDC 9 



IS^Vdo 

17:A7 

16]A8 

14 ]Data l/Oi 
13 DOata I/O2 
12 3 Data I/O3 
11 ]Data I/O4 

10 Dr/w 



muHM^m 



Ao ~A9 


Address Inputs 


R/W 


Read Write Control Input 


CE 


Chip Enable Input 


Data I/O, ~4 


Data Input/Output 


Vdd/GND 


Power Supply Terminals 



Access Time 

200ns (Max) . TC5514AP/APL/AD/ADL-2 

300ns (Max ) TC5514AP/APL/AD/ADL-3 

Fully Static Operation 

On-chip Address Transition Detector 

Fully Compatible with TMM314AP Family 

(Nch2114type4KRAM) 

Packaoe 

Plastic DIP TC5514AP/APL 

Cerdip DIP TC5514AD/ADL 
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. '^MS 



ti^0m 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 -70 


V 


V|N 


Input Voltage 


-03-70 


V 


V|/o 


I/O Voltage 


0~Vdd 


V 


Pd 


Power Dissipation 
(Ta = 85°C) 


TC5514AP/APL 


550 


mW 


TC5514AD/ADL 


800 


mW 


TsOLDER 


Soldering Temperature Time 


260 10 


"C sec 


TSTG 


Storage Temperature 


-55-150 


"C 


TOPR 


Operating Temperature 


-30 ~ 85 


°C 



'^^4^0^^^00il^^f^tj^^0$$^l^/ 



SYMBOL* 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Vdd 


Power Supply Voltage 


45 


50 


5.5 


V 


V,H 


Input High Level Voltage 


22 


- 


Vdd +03 


V 


V|L 


Input Low Level Voltage 


-0 3 


- 


08 


V 


Vdh 


Data Retention Voltage 


20 


- 


55 


V 



U^. CjhMUIi^tllll^lOS (Vdd = 5V ± 10%, Ta = -30 ~ 85°C unless otherwise noted ) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP (1) 


MAX 


UNIT 


l|L 


Input Leakage Current 


OV^Vin^Vdd 


- 


- 


±1.0 


fxA 


Ilo 


Output Leakage Current 


CE = V,H,OV^ V,/o^Vdd 


- 


- 


±10 


/iA 


lOH 


Output High Current 


VoH=2 4V 


-1 


- 


- 


mA 


lOL 


Output Low Current 


Vol = 0.4V 


20 


- 


- 


mA 


'dds 


Standby Current 


Vdd = 2V ~ 5 5V 

All Inputs = 

2V or Vdd - 2V 


TC5514APL 
TC5514ADL 


Ta = 25''C 


- 


- 


02 


HA 


Ta = 60°C 


- 


- 


10 


fxA 


TC5514AP 
TC5514AD 


- 


0.05 


20 


txA 


•ddoi 


Operating Current 


tcycle = lMS, loUT=OmA 


- 


50 


90 


mA 


•dD02 


tcycle = IMS, V,h = Vqd , V|l = OV, Iqut = 0mA 


- 


3.0 


50 



Note (1) Vdd =5V, Ta = 25°C 



t^ACrrmmB^^ (Ta = 25''C, t = IMHz; 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNIT 


C|N 


Input Capacitance 


V|N =0V 


- 


4 


8 


pF 


C|/o 


Input/Output Capacitance 


V|/o=OV 


- 


5 


10 


pF 



Note (2) This parameter is periodically sampled and is not 100% tested 
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'f^^l (Vdd = 5V ± 10%, Ta = -30 ~ SS^C) 



• READ CYCLE 



SYMBOL 


PARAMETER 


TC5514AP-2/APL-2 
TC5514AD-2/ADL-2 


TC5514AP-3/APL-3 
TC5514AD-3/ADL-3 


UNIT 


MIN 


MAX 


MIN 


MAX. 


tRC 


Read Cycle Time 


200 


- 


300 


- 


ns 


Ucc 


Access Time 


- 


200 


- 


300 


ns 


tco 


CE Access Time 


- 


70 


- 


100 


ns 


tOH 


Output Data Hold Time 


15 


- 


20 


- 


ns 


to IS 


Output Disable Time 


- 


60 


- 


80 


ns 


tcOE 


Output Enable Time 


5 


- 


5 


- 


ns 


• WRITE CYCLE 


SYMBOL 


PARAMETER 


TC5514AP-2/APL-2 
TC5514AD-2/ADL-2 


TC5514AP-3/APL-3 
TC5514AD-3/ADL-3 


UNIT 


MIN. 


MAX 


MIN 


MAX 


%c 


Write Cycle Time 


200 


- 


300 


- 


ns 


^AW 


Address Setup Time 





- 





- 


ns 


twp 


Write Pulse Width 


120 


- 


150 


- 


ns 


tDS 


Data Setup Time 


120 


- 


150 


- 


ns 


tDH 


Data Hold Time 





- 





- 


ns 


tWR 


Write Recovery Time 





- 





- 


ns 



• Output Load : 100 pF + 1 TTL Gate 

• Input Pulse Levels : 0.6V, 2.4V 

• Timing Measurement Reference Levels 

Input . 0.8V, 2.2V 

Output 0.8V, 2.2V 

• Input Pulse Rise and Fall Times : 10 ns 
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TIMING WAVEFORMS 



• Read Cycled ■' 

ADDRESS 



ihVVih 



V|lA 



^^^^^^^ v.. 



MnnL 



z: -- r : 



• Write Cycle 1 (R/W Controlled) 






V|L A 



-- ^^ ^^MUL 



\ V|L V|l/ 



XV|H 






• Write Cycle 2 (CE Controlled) 









^^ 



M^^M^^.,. .jmTM. 



V|H-/ 
_V|U-,\ 



Notes (1) R/W IS high for a Read Cycle 

(2) If the CE low transition occurs simultaneously with the R/W low transition, the output 
buffers remain in a high impedance state. 



- 108- 



tACC VS. Vdd 



tcoi VS. Vdd 



300 




V 






Ta = 


25°C 








\ 




Cl= lOOpF 


















100 












^^ 











































7 a ■= 25°C 










Cl= lOOpF 




\. 
















^ 


^^ 
















■ 























Vdd <v) 



Vdd <v) 







tACC- 


tcoi vs. Ta 












Vdd = 4.5 V 
Cl - 100pF 














1 
tACC . 


y 


<^ 








,^ 


•^ — tc 


01 




_^ 




^ 










y 


X 













AtACC VS. Cl 











Vdd 


- 4.5V 










Ta - 25"C 














^ 










^ 


^ 








^ 


^ 








^ 


y^ 













200 300 

Cl (pF) 



V|H,V|L VS. Vdd 















orOi^ 


















V| 


> 




^ 








^-^ 


^' 








^ 




^^ 


^ 


IL 






-^ 















2.5 






V|H. 


V|L VS 


. Ta 












V|H 

Vdd " 5.5V 

V|L 

Vdo - *-5v 


2.0 
















^IH 


















- 


1.S 






















1.0 








V|l 

1 


1 


- 


" 



Vqd <v) 



Ta ('O 
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■ddo 


vs. Vdd 












Ta - 25°C 
tcycle-lMS 
























V|N - 2.2V, 0.8V 

1 1 1 X 


V 


/^ 


V|N " VDD-0.2V, 0.2V ^/ 


y^ 








^ 


^ 










-— 











Vdd <v) 



'ddo vs. tcycle 











V 


DD - 5-5V 








V 




V|N - 2.2V, 0.8V 






\ 
















\ 


V, 










4 































tcycl. (US) 



•dds vs. V,n 











Vnn- 


5.5V 










CE - 5.5V 




^ 


V 














\ 












/ 


\ 


\, 








/ 


r 




\ 


\ 













Vdd- 


5.5V 










tcycle-lMS 




V|N = 


2.2V, 8V 

















- 




i 1 1 
V|N- 5.3V, 0.2V 





















idds vs. Vdd 













Vdd- 


5.5V 












Ta-25"C 


6 




























.^ 



















.3 























"OH 


vs. VoH 














Vdd ■= *-5v 

Ta - 25*'C 


-20 








< 

5 


"\ 


\, 












I 
p 

10 




^ 


N 


















\ 


s. 
















\ 







Vqh (V) 
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loL vs Vol 













Vdd - <-5V 


<in 










T. - 25°C 










y 


;^ 












/ 


/ 












/ 














/ 















Vol <v) 











•dds 


vs. Ta 




















Vdd - 5.5V 

CE - 5.5V 


























100 
50 


/ 


/ 














/ 














/ 


f 






< 
2 








J 


/ 








1" 








/ 










3 






J 


/ 












i 


/ 
















/ 














0.3 
0.1 




/ 
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• PLASTIC PACKAGE 




• CERDIP PACKAGE 




Notes Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves tl 

right, at any time without notice, to change said circuitry. 
©Oct., 1981 Toshiba Corporation 
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■ TOSHIBA MOS MPIORY fmllS^ 



\;^!krJ-tJ^j::±Mh 



1024 WORD X 4 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC55 1 3AP-2/TC55 I 3APL-2 
TC55 I 3AD-2/TC55 I 3ADL-2 



PRELIMINARY: The specification Jimits are subject to change without notice. 



The TC5513AP/AD is a 4,096-bit high speed static 
random access memory organized as 1 ,024 words by 
4 bits and operates from a single 5-volt supply. 

The TC5513AP/AD is a fully CMOS RAM and is 
therefore suited for use in low power applications 
where battery operation and/or battery back up for 
nonvolatility are required. The TC5513AP/AD is 



Low Power Dissipation 
27.5m W/MHz (MAX.):Operating 

Standby Current 

0.2MA{MAX.)atTa=25°C-1 
1.0/uA (MAX.)atTa = 60°C J 
20 mA (MAX.) TC5513AP/AD 

Fast Access Time 
tAcc :200ns (MAX.) 

Single 5V Power Supply 



TC5513APL/ADL 



guaranteed for data retention at power supply volt- 
age as low as 2.0 volt. All inputs and outputs are 
TTL compatible. 

The TC5513AP/AD is packaged in a standard 18- 
pin dual-in-line plastic and cerdip package, 0.3 inch 
width. 



Data Retention Supply Voltage 

2V to 5.5V 
Fully Static Operation 
On-chip Address Transition Detector 
Three State Outputs 

Inputs and outputs Directly TTL compatible 
Plastic DIP: TC551 3AP-2/APL-2 
Cerdip DIP: TC5513AD-2/ADL-2 



(TOP VIEW) 



BLOCK DIMIIAM 



A5C2 
A4C3 
A3: 4 
AoCS 
A, C6 
A, C7 

cljls 

GNDC 9 



ISJVdd 
17 3A, 
16 DA, 
15 DA, 
14 3 Data I/O, 
13 D D^ta I/O, 
12 D Data I/O, 
1 1 2 Data I/O4 
,10 J R/w 



PIN NAMES 



Ao~A9 


Address Inputs 


R/W 


Read Write Input 


CE 


Chip Enable Input 


Data l/Oi^ 


Data Input/Output 


Vdd/GND 


Power Supply Terminals 
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SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V,N 


Input Voltage 


-0.3 ~ 7.0 


V 


V|/o 


I/O Voltage 


-0 3- Vdd +0.5 


V 


Pd 


Power Dissipation (Ta = 85°C) 


TC5513AP/APL 


550 


mW 


TC55 13 AD/AD L 


800 


mW 


TSOLDER 


Soldering Temperature • Time 


260- 10 


°C • sec 


TSTG 


Storage Temperature 


-55 -150 


"C 


TOPR 


Operating Temperature 


-30 ~ 85 


°C 



,ii,<?.:«EC^wiii^/<i^i|fli|:^pit^^ 



SYMBOL 


PARAMETER 


MIN 


TYP. 


MAX 


UNIT 


Vdd 


Power Supply Voltage 


45 


5.0 


55 


V 


V|H 


Input High Level Voltage 


22 


- 


''dd +0-3 


V 


V|L 


Input Low Level Voltage 


-0.3 


- 


0.8 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


55 


V 



.cmmm'm^fm*^^r^W^''^m-^^f'^^^ ~ 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYPI 


MAX. 


UNIT 


l|L 


Input Leakage Current 


OV^Vin^Vdd 


- 


- 


±1 


ma 


Ilo 


Output Leakage Current 


CE = V,h,OV^V,/o^Vdd 


- 


- 


±1 


MA 


loH 


Output High Current 


VoH = 2 4V 


-1.0 


- 


- 


mA 


lOL 


Output Low Current 


Vol = 0.4V 


2.0 


_ 


_ 


mA 


'dds 


Standby Current 


Vdd = 2V ~ 5 5V 
CE^ Vdd -0.2V 


TC5513APL 
TC5513ADL 


Ta=25°C 


- 


- 


0.2 


iuA 


Ta=60''C 


- 


- 


1.0 


HA 


TC5513AP,TC5513AD 


- 


0.05 


20 


HA 


'ddoi 


Operating Current 


tcycle = l^S, IquT = 0mA 


- 


5.0 


90 


mA 


'dD02 


tcycle=lMS,V,H=VDD,V,L=OV, 
louT = OmA 


- 


30 


5.0 



Note (1) Vdd = 5V, Ta = 25''C 
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SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP 


MAX 


UNIT 


C|N 


Input Capacitance 


V,N = OV 


- 


4 


8 


PF 


Ci/o 


Input/Output Capacitance 


V,/o = OV 


- 


5 


10 


PF 



Note (2). This parameter is periodically sampled and is not 100% tested. 
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• READ CYCLE 



SYMBOL 


PARAMETER 


TC5513AP-2/APL-2 
TC5513AD-2/ADL-2 


UNIT 


MIN 


MAX 


tRC 


Read Cycle Time 


200 


- 


ns 


tACC 


Access Time 


- 


200 


ns 


tco 


CE Access Time 


- 


200 


ns 


tOH 


Output Data Hold Time 


15 


- 


ns 


^DIS 


Output Disable Time 


- 


60 


ns 


tcOE 


Output Enable Time 


5 


- 


ns 


• WRITE CYCLE 


SYMBOL 


PARAMETER 


TC5513AP-2/APL-2 
TC5513AD-2/ADL-2 


UNIT 


MIN 


MAX. 


twc 


Write Cycle Time 


200 


- 


ns 


Uw 


Address Setup Time 





- 


ns 


twp 


Write Pulse Width 


120 


- 


ns 


tDS 


Data Setup Time 


120 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tWR 


Write Recovery Time 





- 


ns 



I 



AM, TEST ^NDiH^^SI 

• Output Load lOOpF + 1 TTL Gate 

• Input Pulse Levels : 0.6V, 2.4V 

• Timing Measurennent Reference Levels 

Input . 0.8V, 2.2V 

Output . 0.8V, 2.2V 

• Input Pulse Rise and Fall Tinnes : 10ns 
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fe^'-Miir 



LHtMii...P4lMllMBJ 

• Read Cycled) 



V|H.^,V|L 






\\^^^^ 



Dqut - 
• Write Cycle 1 (R/W Controlled) 

ADDRESS 



\ VIL 



III 



WL 



VOH ^,^, .^ VOH 









xwm wwwwwy. riii^S^ 



; AV|L V|L 






Dqut 



• Write Cycle 2 (CE Controlled) 




V|H 
tDH 









H A> V|H 






^rM^ v.^ -^^ 



i^^ii ^'■- J ( K/7/////// 






c 



Notes- (1) R/W is high for a Read Cycia. 

(2) If the Cf low transition occurs simuitaneously with the R/W low transition, the output buffers remain in high impedance si 
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TYHCAt CUftRiNT WAViFOBM 























\ 

/ 


f 








1 
\ 






] 
1 


{ 
























A 








f\ 








/\ 












































1 


1 /^. 






1 


r\ 












\J 








\J 









I 



SOns/DIVISION 
VDD-5.5V 
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• PLASTIC PACKAGE 



18 17 16 15 14 13 12 11 10 



• CERDIP PACKAGE 



Unit: in mm 




18 17 16 15 14 13 12 11 10 

try rr r?. n <njn.,. 




-£^~" 



0.26 !s:j, 

8.2 ~ 9.5 



Notes: (1) Each Uad pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to No. 1 and No. 18 leads. 
All dimensions are in millimeters. 



Note: Toshiba does not assume eny responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba n 
the right, at any time without notice, to change said circuitry. 
Apri., 1982 Toshllsa Corporation 
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m TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC5BieAP/-2, TC55ieAPL/-2 
TC55ieAD/-a, TC55ieADL/-2 
TC55l6AF/-a, TC55ieAFL./-2 



OCSCRIPTIOISl 

The TC5516AP/AD/AF is a 16384-bit static 
random access memory organized as 2048 words by 8 
bit using CIVIOS technology, and operates from a 
single 5 volt supply. 

The TC5516AP/AD/AF is featured by two chip 
enable inputs, that is, CEi for fast memory access 
and CE2 for a minimum standby current mode, and 
is suited for low power application where battery 
operation or battery back up for nonvolatility are 
required. Furthermore the TC5516APL/ADL/AFL 

MATURES 



Standby Current 

0.2m A (Max.) atTa = 25*'C 
1.0/xA(Max.)atTa = 60''C 
1.0MA{Max.)atTa = 25°C 
5.0MA(Max.)atTa = 60''C 
' Low Power Dissipation 



TC5516APL/ 
ADL/AFL 
TC5516AP/ 
AD/AF 
200mW (Typ.) 
Operating 
Single 5V Power Supply 5V ±10% 
Data Retention Supply Voltage 2.0 ~ 5.5V 
Fully Static Operation 



PIN COHHECnOH (top view) 



PIN NAMES 



A7C 1 
A6C 2 
AsC 3 
A4C 4 
A3C 5 
A2C 6 
AlC 7 
AoC 8 
l/OiC 9 

i/OaC 10 
1/O3C 11 
gndC 12 



24 DVdd 
23 3 As 
22 DA9 
21 3 R/W 
20 U CEi 
19 3 Aio 
18 DCEa 
17 3 l/Og 
16 J I/O7 

15 Hi/Oe 

14 Hl/Os 
13 3I/O4 



Ao ~Aio 


Address Inputs 


R/W 


Read/Write Control Input 


CEi.CEj 


Chip Enable Inputs 


I/O, ~ l/Og 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 



guaranteed a standby current equal to or less than 
l/u A at 60*C ambient temperature is avialable. 

The TC5516AP/AD is also featured by pin com 
patibihty with 2716 type EPROM. This means 
that -the TC5516AP/AD and EPROM can be m 
terchanged in the same socket, and the flexibility 
m the definition of the quantity of RAM versus 
EPROM obtained as a result allows the wide applica- 
tion in microcomputer system 



Access Time 

250ns (Max.): TC5516AP/APL/AD/ADL/AF/AFL 
200ns (Max.). TC5516AP-2/APL-2/AD-2/ADL-2 
AF^/AFL-2 
Two Chip Enable (CEi , CE2) for Simple Memory 

Expansion and Battery Back Up 
All Inputs and Outputs Directly TTL Compat- 

ibl6 
Three State Outputs 
Package 

TC5516AP/APL 
TC5516AD/ADL 
TC5516AF/AFL 



Plastic DIP 
CerdipDIP 
Plastic FP 
BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0 3V- 7 0V 


V|N 


Input Voltage 


-0.3V - Vdd + 0.3 


V,/o 


Input/Output Voltage 


-0 3V ~ Vdd + 3 


Pd 


Power Dissipation (Ta = SB^C) 


0.8W (0.45W)* 


TsTG 


Storage Temperature 


-BB^C-ISO^C 


TOPR 


Operating Temperature 


-30°C - 85*0 


TsOLDER 


Soldering Temperature Time 


260''C 10 sec 



*Plastic FP 
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SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage j 


2.2 


- 


Vdd + 0.3 


V 


V,L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


5.5 


V 
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SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP 


MAX. 


UNIT 


IlL 


Inpu^t Leakage Current 


O^Vin^Vdd 


- 


- 


±1.0 


HA 


Ilo 


I/O Leakage Current 


CE-2=V,h.OV^V,/o^Vdd 


- 


- 


±5.0 


juA 


lOH 


Output High Current 


VoH=2.4V 


-1.0 


-2.0 


- 


mA 


bL 


Output Low Current 


Vol = 0.4V 


2.0 


3.0 


- 


mA 


'ddsi 


Standby Current 


CEj =2.2V 


- 


1.0 


3.0 


mA 


IdDS2 


CFj = Vdd -0.5V 
Vdd =2- 5.5V 


TC5516APL/ 
ADL/AFL 


Ta = 25''C 


- 


- 


0.2 


MA 


Ta = eO^C 


- 


- 


1.0 


TC5516AP/ 
AD/AF 


Ta = 25*C 


- 


0.05 


1.0 


Ta = 60**C 


- 


- 


5.0 


Ta = 85''C 


- 


- 


30 


'ddoi 


Operating Current 


^2 = OV. V,N = V,h/V,l, Iout = 0mA 


- 


40 


70 


mA 


IdD02 


^2 = OV. V|N = Vdd/GND. Iout = OmA 


- 


30 


55 



Note: Typical values are at Ta = 25**C, Vdd ~ 5V. 






SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


- 


5 


10 


PF 


C|/o 


Input/Output Capacitance 


- 


5 


10 


pF 



Note: This paranneter is periodically sampled and is not 100% tested. 
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• Read Cycle 



Output Load 

Input Pulse Levels 

Timing Measurement Reference Levels 
Input 
Output 

Input Pulse Rise and Fall Times 

•Read Cycle 

Addresses 



100 pF + ITTLGate 
0.6V, 2.4V 

0.8V and 2.2V 
0.8V and 2.2V 
10ns 



CEi 



DoUT 



SYMBOL 




PARAMETER 


TC5516AP-2/APL-2 
TC5516AD-2/ADL-2 
TC5516AF-2/AFL-2 


TC5516AP/APL 
TC5516AD/ADL 
TC5516AF/AFL 


UNIT 




MIN 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


200 


- 


250 


- 


ns 


Ucc 


Access Time 


- 


200 


- 


250 


ns 


tcoi 


CEi to Output Valid 


- 


100 


- 


100 


ns 


tC02 


CEj to Output Valid 


- 


200 


- 


250 


ns 


tCOE 


CE 1 or CE2 to Output Active 


10 


- 


10 


- 


ns 


too 


Output High-Z form Deselection 


- 


80 


- 


80 


ns 


tOH 


Output Hold from Address Change 


10 


- 


10 


- 


ns 


• Write Cycle 


SYMBOL 


PARAMETER 


TC5516AP-2/APL-2 
TC5516AD-2/ADL-2 
TC5516AF-2/AFL-2 


TC5516AP/APL 
TC5516AD/ADL 
TC5516AF/AFL 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


200 


- 


250 


- 


ns 


tWP 


Write Pulse Width 


160 


- 


200 


- 


ns 


^AVJ 


AddresssSet UpTime 





- 





- 


ns 


tWR 


Write Recovery Time 


10 


- 


10 


- 


ns 


tODW 


Output High-Z from R/W 


- 


80 


- 


80 


ns 


tOEW 


Output Active from R/W 


10 


- 


10 


- 


ns 


tDS 


Data Set Up Time 


80 


- 


120 


- 


ns 


tDH 


Data Hold Time 





- 





- 


ns 



I 



nm 


tRC 


— 








X 


rV|L 


V|L. 


X 


-V,H 
-V|L 




tACC 










1 tOH 








V|H 










x^M\^^ 


^ 


tC02 


^ 


y/M 


W//////A 


c^lL 










too 










^\H 


1 tcoi 


V|H 










^\\\\\\m 


« 


^ 


_V|L 


J. 


W///A 


m 


W/a 






1 
^tCOE 






too 










tCOE ^ 


m 










^ ^ 


'VOH 

.Vol 


OUTPUT Voh"" 


)® 


^ 












DATA 


»/Al 


.ID 


lo 


^ 


^ 
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• Write Cycle 1 



x: 



V|H 
V|L 



MV|H 



"^^..^ ,<e 



tDS <3) 



tDH <3) 



V|L / VilA 



DATA IN STABLE 



• Write Cycle 2 



(7)CEi (CEj)- 



XV,H 



VlL.A^Vl 



^!^. 



tWP(2) 



V|L V^^ 



/ 



tDS <3) 



... Mw^m mw^ 



V|H 
V|H 



tDH (3) 






DATA IN STABLE 



: UNKNOWN 
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NOTE (1) R/W IS high for a Read Cycle 

(2) twP IS specified as the logical "AND'_^f CE2_, CE2 and R/W. 

twP IS measured from the latter of CEi , CE2 or RAN going low to the earlier of CEi , CE2 or R/W 
going high. 

(3) tDH. tps are measured from the earlier of CEi , CE2 or R/W going high. 

(4) If the CEi , or CE2 low transition occurs simultaneously with or latter from the R/W low transition 
in a Write Cycle_1_, the output buffers remain in a high impedance state in this period. 

(5) If the CEi or CE2 high transition occurs prior to or simultaneously with the R/W high transition 
in a Write Cycle 1 , the output buffers remain in a high impedance state in this period. 

(6) If the R/W IS low or the R/W low transition occurs prior to or simultaneously with the CEi or 
CE2 low transition, the output buffers remain in a high impedance state in this period. 

(7) A write occurs duringjhe overlap of a low CEi , low CE2 and low R/W. In write cycle 2, write is 
controlled by either CEi orCE2. 
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SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vqr 


Data Retention Power Supply Voltage 


2.0 


- 


55 


V 


bos 


Standby Current 


TC5516APL/ 
ADL/AFL 


Ta = 25*'C 


- 


- 


0.2 


ma 


Ta = 60°C 


- 


- 


1.0 


TC5516AP/ 
AD/AF 


Ta = 25*'C 


- 


0.05 


1 


Ta = 60''C 


- 


- 


5.0 


Ta = SS^C 


- 


- 


30 


tCDR 


From Chip Deselection to Data Retention Mode 





- 


- 


/is 


tR 


Recover Time 


tRcd) 


- 


- 


MS 



Note (1) tor Read Cycle Time. 




Note: (2) If the V|h level of CE 2 is 2 2V, during the period that the Vqd voltage is going down from 4.5V to 2.7V, Isj 
(Refer to D.C. CHARACTERISTICS or TYPICAL CHARACTERISTIC FIGURES.) 
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1 








Ta = 25**C 












Cl"" lOOpF 


^ 


















\ 


















X 




































"" 


"■■^-- 






























£ 




i 




7 











tCOl vs. Vdd 




















Ta = 25*'C 
Cl-'IOOpF 


150 




























1 

";. 100 

§ 




















\ 


^ 




















■-"^ 










50 














































4 


5 


6 





Vdd (V) 



Vdd <v) 



^ACC. *C01 v»-Ta 













VDCf-4.5V 












Cl- lOOpF 












y 


^ 










tC( 


J^ 


x> 












.^ 


tACC 












^ 












-^ 


^ 














y^ 

















40 

Ta (°C) 

V|H. V|Lvs. Vdd 





























Ta" zo-t 










^^^^ 


-^ 








V|H 


^.^• 


"-^ 












■"^ 


















V|L 


^^^ 


' 


■^ 








---^ 































80 








AtACC 


VS.C, 




















VDD-4-5V 
Ta - 25°C 




60 




























y^ 




s 

8 40 

■5 
















^^ 












^^ 


^ 








20 






















^ 


-^ 

















^ 


















1( 


>0 


2( 


30 


3( 


)0 


400 


500 



Cl(pF) 



V,H,V,LVS.Ta 





























V|L,VdD = 4-5V 












"""^ 






— 


— -. 








































"^ 


— 




— 




























Vdd <v) 



124 



IdDO v«- Ta 













CE2 =ov 












Ta - I^C 














/ 














,/^ 














y 














^ 












1 ^ 


^ 




























: 












6 













VDD-5.5V 












Cl2=OV 


















\J 


^s 
















^ 


-.^^ 


















"^^ 


^ 




















"* 





















'dDO ««- *cycle 











1 


Vdd*=5.5V 












Ta - ZB^d 











































































































'ddsi 


vs. VpD 






5,0 












Ta = 25'>C 
























CEj - 2.2V 






















^ 


^ 


other Inputs 


< 








^ 




- 0.8 ~ 2.2V 


E 10 






y 














^ 












Q 0.5 




A 


^ 














/ 














0.3 


y 
















/ 


















4 






i 








8 



'dDS2 ''*• ^DO 













Vdd = 5.5V 












CE2 ■= 2.2V 
other inputs 
= 0.8 ~ 2.2V 


^ 












r*'^^ 


^^^ 


^>,_ 
















^^^ 


■^-^ 




















-- 






















1 1 

























Ta = 25''C 














CE2 = Vdd -0-5V 

















































— ' 






- 
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IdDSI v». 


VinWEjI 
















Vdd = 5.5V 
other Inputs 
= 0.8 ~ 2.2V 
Ta ■= 25*'C 
















\ 










\ 


















\, 
















\ 


w 
















\ 


















V 







'dDS2«- V|n (CEj) 



3.0 

V|N (CE2) (V) 









1 








- 1 








I 




Vdd = 5.5V 

other inputs 
= 0.8 ~ 2.2V 
Ta = 25°C 








1 










1 
















1 









































*DDS2 


vs. Ta 




















Vdd = 5.5V 

CE 2 = 5.0V 














100 

50 
30 

10 
5 














/ 














/ 
















/ 














/ 


r 












/ 


r 








3 








/ 














/ 


/ 










0.5 
0.3 

0.1 




> 


/ 














/ 














/ 


/ 















u 












V 


DD = 4-5 














Ta = 25°C 


























•^^ 




















X 




















\ 


. 


















N 





















X 





3.0 
VoH <V) 











/ 


V 


OD = 4.5V 








/ 




Ta = 25°C 






A 


/ 














/ 














/ 
















/ 














/ 
















/ 

















VoL<V) 
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• Plastic DIP 



^ 



3 < 
S 



-7^ 




^ — 0.25+0.05 L 



• CerdipDiP 



24 23 22 21 2019 18 17 16 15 14 13 
nr-ii-ii-ir-ii-it-ir-ir-inf-i rn 



^ 



1 2 3 4 5 6 7 8 9 1011 12 




1 5.24 ~ 17.78 



Note. Each lead pitch is 2.54mm. Alt leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and 

No. 24 leads. Ail dimensions are in millimeters. 
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• Plastic FP 




rmiTTTm 



5^ 



S 



-m 



J- 



IHMtMtQzltfliita 



Note: Each laad pitch is 1.27mm. 

All leads are located within 0.1mm of their true longitudinal position with respect to No. 1 and No. 24 li 
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This new flat package is a very small and thin connpared with conventional standard dual-in-line package. 
Differences are as follows. 



1 . Difference in dimension between flat and 
standard package. 





Flat package 


Standard package 


Length 


16.5 


32.4 


Width 


9.0 


14.2 


Lead Pitch 


1.27 


2.54 


Thickness 


1.6 


5 



2. Comparison in occupied space. 



3. Advantage of this package 

• Small dimensions 

• Capability of High Density Assembly 

• Capability of thin Assembly — Capability of Assembly on both side of PC board. 




4. PC pattern layout example 




- 129 



Note Toshiba does not assume any responsibility for use of any circuitry described, no c 

the right, at any time without notice, to change said circuitry 
© Apr., 1982 Toshiba Corporation 



uit patent licenses are implied, and Toshiba reserves 
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■ TOSHIBA Mos Memory products 



2048 WORD X 8 BIT CMOS STATIC RAM 



SILICON GATE CMOS 



TC55 I 7AP/-2,TC55 I 7APL/-2 
TC55 I 7AD/-2,TC55 I 7ADL/-2 
TC55 I 7AF/-2!tC55 I 7AFL/-2 



The TC5517AP/AD/AF is a 16384-bit static ran- 
dom access memory organized as 2048 words by 8 
bits using CMOS technology, and operates from a 
single 5 volt supply. 

The TC5517AP/AD/AF is featured by output 
enable and chip enable inputs, that is, OF for fast 
memory access and CEior a minimum standby cur- 
rent mode, and is suited for low power application 
where battery operation or battery back up for non- 



• Standby Current 

2/xA(Max)atTa = 25°C 

1 OmA (Max ) at Ta = 60°C 
1 0AiA(Max)atTa = 25°C 
5 0M(Max.)atTa = 60°C 

• Low Power Dissipation 



TC5517APL/ 
ADL/AFL 
TC5517AP/ 
AD/AF 
200mW (Typ ) 
operating 
Single 5V Power Supply 5V ± 1 0% 
Data Retention Supply Voltage 2 ~ 5 5V 
Fully Static Operation 



fm mmm^m^ <top view) 



As C 2 

AsC 3 

A4C 4 

A3C 5 

AaC 6 

A. C 7 

AoC 8 

I/O, C 9 

l/Oj C 10 

I/O3 C 11 

GNDC 12 



24 3VdD 
23 ^Ag 

22 Da, 

21 3R/W 
20 DOE 
19 DA,„ 
18 35b 
17 ll/Og 
16 Dl/0, 
15 1 l/O^ 
14 3 l/Os 
13 3 I/O4 



Pm NAMES 



Ao ~ Aio 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


l/Oi ~ l/Os 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 



volatility are required Furthermore the TC5517APL/ 
ADL/AFL guaranteed a standby current equal to or 
less than l/xA at 60°C ambient temperature is avail- 
able 

The TC5517AP/AD is also featured by pin com 
patibility with 2716 type EPROM. This means 
that the TC5517AP/AD and EPROM can be in- 
terchanged in the same socket, and the flexibility 
in the definition of the quantity of RAM versus 
EPROM obtained as a result allows the wide applica- 
tion in microcomputer system 

• Access Time 

250ns (Max ) TC5517AP/APL/AD/ADL/AF/ 

AFL 
200ns (Max ) TC551 7AP-2/APL-2/AD-2/ 

ADL-2/AF-2/AFL-2 

• Two Control Input (CE, OE) 

• Pin Compatible with Nch Static RAM TMM2016P 

• All Inputs and Outputs Directly TTL Compatible 

• Three State Outputs 

• Package 

Plastic DIP • TC5517AP/APL 
Cerdip DIP TC5517AD/ADL 
Plastic FP TC5517AF/AFL 

BiOCK omQM^m 
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SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0 3V~7 0V 


V|N 


Input Voltage 


-0 3V~Vdd+0 3V 


V|/o 


Input/Output Voltage 


-0 3V~Vdd+0 3V 


Pd 


Power Dissipation (Ta = 85°C) 


8W(0 45W)* 


TSTG 


Storage Temperature 


-55°C~150°C 


TOPR 


Operating Tennperature 


-30°C~85°C 


TsOLDER 


Soldering Temperature • Time 


260° C • 10 sec 
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SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Vdd 


Power Supply Voltage 


45 


5.0 


55 


V 


V|H 


Input High Voltage 


22 


- 


Vdd+0 3 


V 


V|L 


Input Low Voltage 


-0 3 


- 


08 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


55 


V 



*4*W 


wariiiiiRte8S»^ii^^-- 


m^m.1 












SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l|L 


Input Leakage Current 


O^Vin^Vdd 


- 


- 


±1 


ma 


Ilo 


I/O Leakage Current 


CE = V|h,OV<V,/o^Vdd 


- 


- 


±5 


ma 


lOH 


Output High Current 


VoH=2 4V 


-1 


-2 


- 


mA 


lOL 


Output Low Current 


Vol = 4V 


20 


30 


- 


mA 


•ddsi 


Standby Current 


CE = 2.2V 


- 


10 


30 


mA 


IdDS2 


CE = Vdd - 5V 
Vdd = 2 ~ 5 5V 


TC5517APL/ 
ADL/AFL 


Ta = 25° C 


- 


- 


02 


/xA 


Ta = 60*C 


- 


- 


10 


TC5517AP/ 
AD/AF 


Ta = 25°C 


- 


05 


10 


Ta = 60°C 


- 


- 


50 


Ta = 85° C 


- 


- 


30 


•ddoi 


Operating Current 


CE = OV, V|N = V|h/V,l, Iout = 0mA 


- 


40 


70 


mA 


IdD02 


CE = OV, V|N = Vdd/GND, Iqut = OmA 


- 


30 


55 



Note Typical values are at Ta = 25 C, Vdd ~ 5V 
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SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


C|N 


Input Capacitance 


- 


5 


10 


pF 


C|/o 


Input/Output Capacitance 


- 


5 


10 


pF 



Note This parameter is periodically sampled and is not 100% tested. 
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• R ead Cyde 



Output Load : lOOpF + 1TTL Gate 

Input Pulse Levels : 0.6V, 2 4V 

Timing Measurement Reference Levels 

Input . 0.8V and 2.2V 

Output . 0.8V and 2.2V 

Input Pulse Rise and Fall Times : 10ns 

• Read Cycled) 

Addresses 



SYMBOL 


PARAMETER 


TC54l7AP-2/APL-2 
TC5517AD-2/ADL-2 
TC5517AF-2/AFL-2 


TC5517AP/APL 
TC5517AD/ADL 
TC5517AF/AFL 


UNIT 


MIN 


MAX. 


MIN. 


MAX 


tRC 


Read Cycle Time 


200 


~" 


250 


- 


ns 


tACC 


Access Time 


- 


200 


- 


250 


ns 


tOE 


OEto Output Valid 


_ 


100 


_ 


100 


ns 


tco 


CE to Output Valid 


- 


200 


- 


250 


ns 


tcOE 


OE or CE to Output Active 


10 


- 


10 


- 


ns 


tOD 


Output High-Z from Deselection 


- 


80 


- 


80 


ns 


tOH 


Output Hold from Address Change 


10 


- 


10 


- 


ns 


• Write Cycle 


SYMBOL 


PARAMETER 


TC5517AP-2/APL-2 
TC5517AD-2/ADL-2 
TC5517AF-2/AFL-2 


TC5517AP/APL 
TC5517AD/ADL 
TC5517AF/AFL 


UNIT 


MIN 


MAX. 


MIN. 


MAX 


twc 


Write Cycle Time 


200 


- 


250 


- 


ns 


twp 


Write Pulse Width 


160 


- 


200 


- 


ns 


Uw 


Address Set Up Time 





- 





- 


ns 


tWR 


Write Recovery Time 


10 


- 


10 


- 


ns 


tODW 


Output High-Z from R/W 


- 


80 


- 


80 


ns 


tOEW 


Output Active from R/W 


10 


- 


10 


- 


ns 


tDS 


Data Set Up Time 


80 


- 


120 


- 


ns 


^DH 


Data Hold Time 





- 





- 


ns 



DquT 













tRC 














to 




X 


"V,H Vih" 
_V|L V,L^ 


"V|H 
-V|L 




^ *ACC 






H i 








ViLl 


^ 






\^\\\\\\\\\^ 


N 


- *co 


WA 


W/////M 


^nsnn^^sn:^^ 


rV|L 








„ *OD 










V|H 


tOE 


V|H 

2 










M^<^^S^ 


^ 


^ 


_V|L 


y//M 


m 


V/M 






tCOE^ 


1 




tQD 










tCOE ^ 












^ VoH OUTPUT Vqh'' 




\ 












^^^ 


^ Vol data \ 


/AL 


ID 


V 


2JL, 


^ 
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• Write Cycle 1 (1) 



CE 



DqUT 




Write Cycle 2 (2) 









tDS <4) 



\/ DATA IN STABLE S/^ 
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NOTE (1 ) R/W IS high for a Read Cycle. 

(2) OE = V|H or V|L If OE = V|h during write cycle, the output buffers remain in a high impedance 
state. 

(3) twp IS specified as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE of RAV going low to the earlier of CE or R/W going high 

(4) toH / tos are measured from the earlier of CE of R/W going high 

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write 
Cycle 1, the output buffers remain in a high impedance state in this period. 

(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write 
Cycle 1, the output buffers remain in a high impedance state in this period 

(7) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Vdr 


Data Retention Power Supply Voltage 


20 


- 


55 


V 


IdDS2 


Standby Current 


TC5517APL/ 
ADL/AFL 


Ta = 25° C 


~ 




02 


HA 


Ta = 60° C 


- 




1 


TC5517AP/ 
AD/AF 


Ta = 25° 


- 


05 


1 


Ta = 60°C 


- 


- 


50 


Ta = 85° C 


- 


- 


30 


tCDR 


From Chip Deselection to Data Retention Mode 





_ 


- 


jUS 


tR 


Recovery Time 


tRC<1) 




- 


MS 



Note (1) tpc Read Cycle Time 



DATA RETENTION MODE 




Note (2) If the \/|h ^Bve\ of CE is 2.2V, during the period that the Vqq voltage is going down fronn 4 5V to 2.7 V, IqdSI ^ 
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• Plastic DIP 



uuuu uuuuuuuu 

1 2 3 4 5 6 7 8 9 10 1112 




• CerdipDIP 



24 23 22212019 1817 161514 13 
f{iitiffiftif|irjirfii|iijif^i|i r|i ^- 



A 



"itfrTTF f l iT' n il ' ^ 'r' ^ i ^ ^ 1 ^ M" ^ ' i ' 'fy^'^^'^ F^ 
123456789 1011 12 




Note. Each lead pitch is 2.54 mm All leads are located withm 0.25 mm of their true longitudmal position with respect to No 1 and No 24 leads 
All dimensions are in millimeters. 
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mrTTTTm 



Bi 



X 



:^^^^^^^^- 



Note: Each lead pitch is 1.27 mm. 

All leads are located within 0.1 mm of their true longitudinal position with respect to No 1 and No. 24 leads. 
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ItCMINHiaA 



This new flat package is a very small and thin com- 
pared with conventional standard dual-jn-l me package 
Differences are as follows. 



1 Difference m dimension between flat and standard 
package 



2. Comparison in occupied space 





Flat package 


Standard package 


Length 


16.5 


32 4 


Width 


9.0 


14.2 


Lead Pitch 


1 27 


254 


Thickness 


1.6 


5 




3. Advantage of this package 
Small dimensions 

Capability of High Density Assembly 
Capability of thin Assembly Capability of Assembly on both side of PC board 



4. PC pattern layout example 




Note Toshiba C >es not assume any responsibility for use of any 
the right, at any time without notice, to change said circuitry 
©Nov, 1981 Toshiba Corporation 



uitry described, r 



t patent licenses are implied, and Toshiba r 



Distributed by 
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■ TOSMBA MOS RffilMHtY 




2048 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC55 I 7BP, TC55 I 7BPL 
TC55 I 7BD, TC55 I 7BDL 
TC55 I 7BF, TC55 I 7BFL 



The TC5517BP/BD/BF is a 16384-bit high speed 
and low power fully static random access memory 
organized as 2048 words by 8 bits using CMOS 
technology, and operates from a single 5 volt supply. 

The TC5517BP/BD/BF has a output enable input 
(OE) for fast memory access and output control and 
chip enable input (CE) which is used for device 
selection and can be used in order to achieve the 
minimum standby current mode easily for battery 
back up. 

Also the high speed and low power characteristics 
which maximum access time is 200ns and maximum 
operating current is 5mA/MHz are achieved. 



Low Power Dissipation 
27.5mW/MHz (Max.) Operating 

Standby Current 

0.2mA (Max.) at Ta = 25''C 1 TC5517BPL/ 
I.OmA (Max.) at Ta = 60°C I BDL/BFL 
1.0M (Max.) at Ta = 25''C I TC5517BP/BD/ 
B.OjLtA (Max.) at Ta = 60°C J BF 

Single 5V Power Supply 5V±10% 

Data Retention Supply Voltage 2.0 ~ 5.5V 

Fully Static Operation 



(TOP VIEW) 




Ao~Aio 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


l/Oi ~ l/Og 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 



Thus the TC5517BP/BD/BF is most suitable for 
use in low power applications where battery operation 
or battery back up for nonvolatility are required. 
Furthermore the TC5517BPL/BDL/BFL guaranteed a 
standby current equal to or less than l/uA at SCC 
ambient temperature available. 

And the TC5517BP/BD is pin compatible with 
2716'type EPROM. This means that the TC5517BP/ 
BD and EPROM can be interchanged in the same 
socket, and the flexibility in the definition of the 
quantity of RAM versus EPROM allows the wide 
application jn microcomputer system. 



Fast Access Time 

tACC = 200ns (Max.) 

toE = 70ns (Max.) 

Output Buffer Control . OE 

On-chip Address Transition Detector 

All inputs and outputs Directly TTL Compatible 

Three State Outputs 

Package 

Plastic DIP TC5517BP/BPL 

CerdipDIP.TC5517BD/BDL 

Plastic FP TC5517BF/BFL 




i^^ 
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MODE 


CF 


OE 


R/W 


Ao ~Aio 


I/O, ~s 


POWER 


Read 


L 


L 


H 


Stable 


Data Out 


•ddo 


Write 


L 


* 


L 


Stable 


Data In 


'ddo 


Output Deselect 


L 


H 


* 


* 


High Impedance 


boo 


••Standby 


H 


• 


..... 


• 


High Impedance 


'dds 



H or L **• Data Retention Mode 



^^^^^^!^^^^^ ^^ #FW^^S^^^3^^^^i *w^ P-'^^^^PSt 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0 3V ~ 7 OV 


V|N 


Input Voltage 


-0.3V ~ Vdd + 3V 


V,/o 


Input/Output Voltage 


-0.3V ~ Vdd + 3V 


Pd 


Power Dissipation (Ta = SB^C) 


8W (0.45W) * 


TSTG 


Storage Temperature 


-55°C~150°C 


ToPR 


Operating Temperature 


-30°C ~ 85X 


TSOLDER 


Soldering Temperature Time 


260 °C 10 sec. 



' Plastic FP=0 45W 



^!^s^m^-mmmmm^m^^fi^9m$MMM»^ 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Vdd 


Power Supply Voltage 


45 


5.0 


55 


V 


V,H 


Input High Voltage 


2.2 


- 


Vdd +0.3 


V 


V.L 


Input Low Voltage 


-0 3 


- 


0.8 


V 


Vdh 


Data Retention Voltage 


20 


- 


55 


V 





l^^mm^Mf^'* 


-^#'-« m^ ^m **.^' *• ^^} 












SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNIT 


l|L 


Input Leakage Current 


O^V.n^Vdd 


- 


- 


±1 


ma 


'lo 


I/O Leakage Current 


CE=V,h,OV^V,/oSVdd 


- 


- 


±5 


MA 


loH 


Output High Current 


VoH=24V 


-1.0 


-2.0 


- 


mA 


loL 


Output Low Current 


Vol = 0.4 V 


20 


30 


- 


mA 


Iqdsi 


Standby Current 


CE=2.2V 


- 


1 


3.0 


mA 


IdDS2 


CE^ Vdd -0 5V 
Vdd =2- 5.5V 


TC5517BPL 
/BDL/BFL 


Ta=25''C 


- 


- 


02 


ma 


Ta=60°C 


- 


- 


1.0 


TC5517BP/ 
BD/BF 


Ta=25''C 


— 


05 


10 


Ta=60°C 


- 


_ 


5.0 


Ta=85°C 


- 


_ 


30 


•ddoi 


Operating Current 


tcycle = 200ns 

CF = OV, Iqut = 0mA 


V|n=V,h/V|l 


- 


- 


30 


nrA 


'dD02 


V|n=Vdd/GND 


- 


- 


25 


'dD03 


tcycle -1MS 

CF = OV, Iqut = 0mA 


V|n=V,hA/|l 


- 


- 


10 


bD04 


V|n=Vdd/GND 


- 


- 


5 



Note Typical Values are at Ta = 25°C, Vdd = 5V 



^^MHii 
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SYMBOL 


PARAMTER 


MIN 


TYP 


MAX. 


UNIT 


C,N 


Input Capacitance 


- 


5 


10 


pF 


C|/o 


Input/Output Capacitance 


- 


5 


10 


pF 



Note This paramter is periodically sampled and is not 100% tested 
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A.C, CHARACTERISTICS CT« - -30 - gr C, Vpo « 5V ± 10%) 
» Read Cycle 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


tRC 


Read Cycle Time 


200 




ns 


tACC 


Access Time 


- 


200 


ns 


tOE 


OE to Output Valid 


- 


70 


ns 


tco 


CE to Output Valid 


- 


200 


ns 


tCOE 


OE or CE to Output Active 


10 


- 


ns 


tOD 


Output High-Z from Deselection 




60 


ns 


tOH 


Output Hold from Address Change 


10 


- 


ns 


• Write Cycle 


SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


twc 


Write Cycle Time 


200 


- 


ns 


twp 


Write Pulse Width 


150 


- 


ns 


tAW 


Address Set up Time 





- 


ns 


tWR 


Write Recovery Time 





- 


ns 


tODW 


Output High-Z from R/W 


- 


60 


ns 


tOEW 


Output Active from RAV 


10 


~ 


ns 


tDS 


Data Set up time 


90 


~ 


ns 


tOH 


Data Hold Time 





~ 


ns 



A.e. TEST CC^DiTiOim 

Output Load : lOOpF + 1TTL Gate 

Input Pulse Levels . 0.6V, 2.4V 

Timing Measurement Reference Levels 

Input 0.8V and 2.2V 

Output . 0.8V and 2.2V 

Input Pulse Rise and Fall Times 10ns 

TiMtMQ mAVBmmwm 

• Read Cycled) 
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\'-..V'^^: e \.l/^f , ; '^l'l\if/fTi:-C-^,/.^{-'r''-^''y. 



• Write Cycle 1 (2) 







'WC 


— 




Addressf 


X 


-V|H 
.V|L 


v.H-yf-v.H 

VlL.AL^IL 




tAW 














CE 


N^^;^^^^:^^:;^^^^:^^^ 


..J/////////////////. 










/ 


tWR 






V|H 


W\N.... 


^WP (3) 


"V|H 






1 


High Impedance 


tOEW 1 






1 




^ 






'mmmi 


OCvY/yVSAXv 


/XXX>7jXXWSf 


Dqut 


<9y)6Mw9 


♦ {A.\ 




tDH (4)\^ 


AVvvvvOO<y)< 






V|H 










■ 1 


V|H 


D|N 










y^ DATA IN STABLE 







Write Cycle 2 (2) 



i^ 



XVlH 



I^... ^/" 






tyyp (3) 



tDS (4) 



tDH <4) 



^ DATA IN STABLE V 
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Note (1) R/W IS high for a Read Cycle. 

(2) OE = V|H or V|L. If, OE = V|h during write cycle, the output buffers remain in a high impedance 
state. 

(3) twp IS specified as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE or R/W going low to the earlier of CE or R/W going high. 

(4) tDH , tps are measured from the earlier of CE or R/W going high. 

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition m a 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a 
Write Cycle 1, the output buffers remain m a high impedance state in this period. 

(7) If the R/W IS low or the R/W low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 



'pKim^ 


^mpmHmmttmmm 


||1^^#^- 


mm 










SYMBOL 


PARAMETER 


MIN 


TYP. 


MAX. 


UNIT 


Vqr 


Data Retention Power Supply Voltage 


2.0 


- 


5.5 


V 


IdDS2 


Standby Current 


TC5517BPL/ 
BDL/BFL 


Ta=25*C 


- 


_ 


0.2 


ma 


Ta=60°C 


- 


- 


1.0 


TC5517BP/ 
BD/BF 


Ta=25''C 


- 


0.05 


1.0 


Ta=60°C 


- 


- 


5.0 


Ta=85°C 


- 


- 


30 


tCDR 


From Chip Deselection to Data Retention Mode 





- 


- 


MS 


tR 


Recovery Time 


tRCd) 


- 


- 


fJLS 



Note (1) tRc • Read Cycle Time 




Note (2) If the Vm l«vel of CE is 2.2V, during the period that the Vqq voltage is going down from 4.5V to 2.7V, loOSI current flows. 
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• Plastic DIP 



24 23222120 1918 17161514 13 

r[if|ir|ij|irjir|i;jiijir|Ti|7i|icft. 



L^-^ 



LbiiidjiiiiL diii i i ! 



1 2 3 4 5 6 7 8 9 10 11 12 




• CerdipDIP 



24 23 22 2120191817 16 15 1413 

,r!ir|irhr|i6f|irfirhriir|if|ifti. 



^ 



^ l4jlLll|jl|jL|j4jl4jLtj'|jL|jl|jLi/ - 
1 2 3 4 5 6 7 8 9 101112 




I 



s+0.15 
-0.10 



0.25 
1 5.24 ~ 17.78 
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ei 



I 



X 



=ilH]=[Hl*[t*MHH]^: 



Note. Each lead pitch is 1.27mm. 

All leads are located within 0.1mm of their true longitudinal position with respect to No. 1 and No. 24 U 
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This new flat package is a very small and thin compared with conventional standard dual-in-line package. 
Differences are as follows. 



1. Difference in dimension between flat and 
standard package. 

Unit mm 



2. Comparison in occupied space 





Flat package 


Standard package 


Length 


16.5 


32 4 


Width 


9.0 


14.2 


Lead Pitch 


1.27 


2.54 


Thickness 


16 


5 



3. Advantage of this package 
Small dimensions 

Capability of High Density Assembly 
Capability of thin Assembly Capability of Assembly on both side of PC board. 




4. PC pattern layout example 




Note Toshiba does not assume any responsibility for use of any circuitry described, no c 

the right, at any time without notice, to change said circuitry 
©Mar., 1982 Toshiba Corporation 



luit patent licenses are implied, and Toshiba reserves 



Distributed by 
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■ TOSHIBA MOS MEMORY PRODUCTS 



SILICON GATE CMOS 



TC55I8BP, TC55I8BPL 
TC55I8BD, TC55I8BDL 
TC55I8BF, TC55J8BFL 



DESCRIPTION 

The TC5518BP/BD/BF is a 16384-bit high speed 
and low power fully static random access memory 
organized as 2048 words by 8 bits using CMOS 
technology, and operates from a single 5 volt supply. 

The TC5518BP/BD/BF has two chip enable inputs, 
CEi and CE2, which are used for device selection 
and can be used in order to achieve the minimum 
standby current mode easily for battery back up. 
Also the high speed and low power characteristics 
which maximum access time is 200ns and maximum 
operating current is 5mA/MHz are achieved. 

Thus the TC5518BP/BD/BF is most suitable for 



use in low power applications where battery operation 
or battery back up for nonvolatility are required. 
Furthermore the TC5518BPL/ BDL/BFL guaranteed 
a standby current equal to or less than l/uA at 60° C 
ambient temperature available 

And the TC5518BP/BD is pin compatible with 
2716 type EPROM. This means that the TC5518BP/ 
BD and EPROM can be interchanged in the same 
socket, and the flexibility in the definition of the 
quantity of RAM versus EPROM allows the wide 
application in microcomputer system 



• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• Standby Current 

0.2MA(Max) atTa = 25°c|TC5518BPL/ 
1.0MA(Max.) at Ta = 60°C) BDL/BFL 
1 .OmA (Max ) at Ta = 25°C] TC5518BP/BD/ 
5 0MA(Max.) atTa = 60°CjBF 

• Single 5V Power Supply 'BVilOro 

• Data Retention Supply Voltage 

2.0- 5.5V 

• Fully Static Operation 

W^a^ECtl€«>l <Top VI EW) 



A7C 1 

A6C 
ASC 
A4C 
A3C 
A2C 
Al C 
Ao C 

i/Oi c 
I/O2 c 
1/03 c 

GND C 



10 



12 



i JVdd 

23 DAg 
22 DA9 
21 ZJR/W 
20 3CEi 
19 lAio 

18 Dci"2 

17 3I/O8 
16 3 I/O7 

14 1 l/Os 
13 J I/O4 



WWNAMfi 



Ao~Aio 


Address Inputs 


R/W 


Read/Write Control Input 


CE,,CE2 


Chip Enable Inputs 


l/Oi-l/Og 


Data Input/Output 


Vqd 


Power (+5V) 


GND 


Ground 



• Fast Access Time 

tACC = 200ns (Max.) 

• Two Chip Enables (CEi , CE2) for Simple 

Memory Expansion and Battery Back Up 

• On-chip Address Transition Detector 

• All Inputs and Outputs Directly TTL Compatible 

• Three State Outputs 

• Package 

Plastic DIP TC5518BP/BPL 
CerdipDIP. TC5518BD/BDL 
PlaticFP TC5518BF/BFL 
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MODE 


CE, 


CE, 


R/W 


Ao~Aio 


l/0i~8 


POWER 


Read 


L 


L 


H 


Stable 


Data Out 


Iddo 


Write 


L 


L 


L 


Stable 


Data In 


Iddo 


** Standby 1 


* 


H 


* 


* 


High Impedance 


'dps 


** Standby 2 


H 


* 


..... 


* 


High Innpedance 


bos 



Data Retention Mode 



^l^iP 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0 3V ~ 7 OV 


V|N 


Input Voltage 


-0 3V~Vdd+0 3V 


V,/o 


Input/Output Voltage 


-0 3V~Vdd+0 3V 


Pd 


Power Dissipation (Ta = 85"C) 


8W(0 45W)* 


TsTG 


Storage Temperature 


-55° C~ 150°C 


TOPR 


Operating Temperature 


-30° C ~ 85°C 


TSOLDER 


Soldering Temperature Time 


260°C 10 sec 



Plastic FP = 45W 



fiia^MSM0i0 {lit imtAtii^ a>mm<ms iTt » -^^c 


-^wm 






SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Vdd 


Power Supply Voltage 


45 


50 


55 


V 


V,H 


Input High Voltage 


22 


- 


Vdd+0 3 


V 


ViL 


Input Low Voltage 


-0 3 


- 


08 


V 


Vqh 


Data Retention Voltage 


20 


- 


55 


V 



n^, CHAR^Mnwitf M^ m - 


-are^«i%V|>^* 


mtitm 












SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MIN 


UNIT 


l|L 


Input Leakage Current 


0<V,n^Vdd 


- 


- 


±10 


mA 


Ilo 


I/O Leakage Current 


CF2=V,h,OV^V,/oSVdd 


- 


- 


±5.0 


ma 


lOH 


Output High Current 


Vqh = 2 4V 


-1 


-2 


- 


mA 


lOL 


Output Low Current 


VoL=04V 


20 


30 


- 


mA 




Standby Current 


CE2 =2 2VorCEi =2 2V 


- 


10 


30 


mA 


bDS2 


CE 2 = Vdd -0 5V or 
CE y = Vdd -0 5V 
Vdd=2~55V 


TC5518BPL 
/BDL/BFL 


Ta=25°C 


- 




02 


mA 


Ta=60°C 


- 


- 


1 


HA 


TC5518BP/ 
BD/BF 


Ta=25°C 


_ 


05 


1.0 


Ta=60°C 


- 


- 


50 


Ta=85°C 


- 


- 


30 


'ddoi 


Operating Current 


tcycie = 200ns, CE 1 = 
Cl"2 = OV, louT = 0mA 


V|N =V|h/V|l 


- 


- 


30 


mA 


'dD02 


V|N =Vdd/GND 


- 


- 


25 


boos 


tcycie = 1 iUS, CTi = 
CE2 =0V. louT =OmA 


V,n=V,h/V,l 


- 


- 


10 


bD04 


ViN = Vdd/GND 


- 


- 


5 



Note Typical Values are at Ta = 25°C, Vdd = 5V 
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SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


C|N 


Input Capacitance 


- 


5 


10 


pF 


C,/o 


Input/Output Capacitance 


- 


5 


10 


pF 



Note This parameter is periodically sampled and is not 100% tested 
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.C. CHARACTEHtSTICS (Ta • -^0 - STC, Voo « iV ± tO%l 

3ad Cycle 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


tRC 


Read Cycle Time 


200 


- 


- 


ns 


tACC 


Access Time 


- 


- 


200 


ns 


tcoi 


CEi to Output Valid 


- 


- 


200 


ns 


tC02 


CE2 to Output Valid 


- 


- 


200 


ns 


tCOE 


CE"i or CE 2 to Output Active 


10 


- 


- 


ns 


tOD 


Output High-Z from Deselection 


- 


- 


60 


ns 


tOH 


Output Hold from Address Change 


20 


- 


- 


ns 


rite Cycle 


SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


twc 


Write Cycle Time 


200 


- 


- 


ns 


tWP 


Write Pulse Width 


150 




- 


ns 


tAW 


Address Set up Time 





- 


- 


ns 


tWR 


Write Recover Time 





- 


- 


ns 


tODW 


Output High-Z from RAV 


- 


- 


60 


ns 


tOEW 


Output Active from R/W 


10 


- 


- 


ns 


tDS 


Data Set up Time 


90 


- 


- 


ns 


tOH 


Data Hold Time 





- 


- 


ns 



K.O.TESTCOM0«TK«^i 

Dutput Load lOOpF + 1TTL Gate 

nput Pulse Levels 0.6V, 2.4V 
"iming Mesurement Reference Levels 

Input 0.8V and 2.2V 



nput Pulse Rise and Fall Tinnes 



Output 0.8V and 2 2V 
. 10 ns 



riMN0WAV£H»lt^ 

Read Cycled) 
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Write Cycle 1. 



DOUT 



XV,H 






.xWWWWWM^ .. ^/ 



VilX 




Write Cycle 2. 



(7)CE2 (CEi) 



(7)CEi (CE2) 



ILL- 



V|H 
V|L 






,r 



xxwwwww^ m.... J///////////////A 



tDS <3) 



tDH <3) 



y^ DATA IN STABLE Y 



. UNKNOWN 
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(1) 

(2) 



(3) 
(4) 

(5) 

(6) 

(7) 



R/W IS high for a Read Cycle. 

twp IS specified as the logical "AND'^r CEj_, CE2 and R/W 

twP IS measured from the latter of CEl, CE2 or R/W going low to the earlier of CE1, CE2 or 

R/W going high 

tDH/ tps sf© measured from the earlier of CEi, CE2 or R/W going high. 

If the CE 1 , or CE2 low transition occurs simultaneously with or latter from the R/W low tran- 
sition in a Write Cycle 1, the output buffers remain in a high impedance state in this period 
If the CE 1 or CE2 high transition occurs prior to or simultaneously with the R/W high transition 

in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

If the R/W IS low or the R/W low transition occurs prior to or simultaneously with the CEl or 
CE2 low transition, the output buffers remain in a high impedance state in this period 
A write occurs during the overlap of a low CEl, low CE2 and low R/W 
In write cycle 2, write is controlled by either CEl or CE2 



ATA BiTiNSIOra CHAI^ACTERrSTICS |Ta- ^30 - 


SS'^CI 










SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Vdr 


Data Retention Power Supply Voltage 


20 


- 


55 


V 




Standby Current 


TC5518BPL/ 
BDL/BFL 


Ta = 25°C 


- 


- 


02 


HA 




Ta = 60°C 


- 


- 


1 


DDS2 


TC5518BP/ 
BD/BF 


Ta = 25°C 


- 


05 


10 




Ta = 60°C 


- 


- 


50 




Ta = 85°C 


- 


- 


30 


tCDR 


From Chip Deselection to Data Retention Mode 





- 


~" 


MS 


tR 


Recover Time 


tRcd) 


- 




US 



5te (1) tpc Read Cycle Time 



DATA RETENTION MODE 




Note (2) If the V|H level of CE2 (CE 1) is 2 2V, during the period that the Vqd voltage is going down from 4 5V to 2 7V, IddSI 
current flows 
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mif tiNi uBAWiNas 



• Plastic DIP 



R1.5 ^ 



1 2 3 4 5 6 7 8 9 1011 12 



• CerdipDIP 



24 2322 21201918 17 16 15 14 13 

/jifjirjirlirfiffirlirliijiitirli rfv 



N[ i i | i i l f '[' ' I' ' I ' 'If 'I' ■ [ ' ■!' ' I' ""f^' 
1 2 3 4 5 6 7 8 9 10 11 12 




Note Each lead Pitch is 2 54mm. All leads are located w.thm 0.25mm of their true longitudianl position with respect to No 1 and No.24 leac 
All dimensions are in millimeters 
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• Plastic FP 




I 



:=^^^^^^^- 



Note Each lead pitch is 1.27mm 

All leads are located within 0.1mm of their true longitudinal position with respect to No. 1 and No. 24 li 
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IBA 



This new flat package is a very small and thin compared with conventional standard dual-in-line package 
Differences are as follows. 



1 . Difference in dimension between flat 
and standard package 



2. Comparison in occupied space 





Flat package 


Standard package 


Length 


165 


32 4 


Width 


90 


14.2 


Lead Pitch 


1 27 


2 54 


Thickness 


1 6 


5 




3. Advantage of this package 

Small dimensions 

Capability of High Density Assembly 

Capability of thin Assembly — Capability of Assembly on both side of PC board. 

4 PC pattern layout example 




Note Toshiba does not assume any responsibility for use 
the right, at any time without notice, to change said c 
©Mar , 1982 Toshiba Corporation 



;uit patent licenses are implied, and Toshiba resor 
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■ TOSHIBA MOS MEMORY 



liijl 



8,192 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC5564P/P- 1 
TC5564PL/PL- I 



DiSCRIFTIOM 

The TC5564P is a 65,536-bit high speed static 
random access memory organized as 8,192 words by 
8 bits using CMOS technology, and operates from a 
single 5-volt supply. 

The TC5564P features output enable and chip 
enable inputs, that is. OE for fast memory access and 
CEi, CE2 for a minimum standby current mode. 
So It IS suited for a high speed, and low power appli- 
cations where battery operation and/or battery back 
up for nonvolatility are required. The TC5564P is 
guaranteed for voltage as low as 2.0 volt. Furthermore 
the TC5564PL is guranteed a standby current equal 

fmrunm 

• Low Standby Current 

0.2MA(Max.)atTa = 25°C 
1.0MA(Max.)atTa = 60''C 

20MA(Max.) 

• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• 5V Single Power Supply 

• 8,192 Word X 8 Bit 

• Fully Static Operation 

• Data Retention Supply Voltage 2.0 '■ 

i^m^^mm^f^: (top view) 



TC5564PL 
TC5564PL-1 
TC5564P 
TC5564P-1 



'5.5V 



A7C 
AgC 
ASC 
A4C 
A3C 

AjC 



mn NAMES; 



A7 C 
AsC 
As C 



3CE, 

3i/Og 



21 



28 3Vcc 
27 3pgM 
26 3NC 
2S3Ag 
24 3A9 
23 3AI1 
22 361 



3Aio 
20 3CE 
19 307 
18D04 
I73O5 
16 304 
1S303 



Ao~Ai2 


Address Inputs 


R/W 


Read/Write Control Input 


m 


Output Enable Input 


cr,,cE2 


Chip Enable Inputs 


l/Oi ~ l/Og 


Data Input/Output 


Vqd 


Power (+5V) 


GND 


Ground 


NC 


No Connection 



PRELIMINARY: Tha specification limits are subject to change without notice. 

to or less than 1 m A at Ta = 60**C ambient temperature 
available. 

The TC5564P also features pincompetibility with 
the 64K bit EPROM (TMM2764D). This^ means that 
the TC5564P and EPROM can be interchanged in 
the same socket, and flexibility in the definition of 
the quantity of RAM versus EPROM obtained as a 
result allows the wide application in microcomputer I 
system. I 

The TC5564P is moulded in a dual-in-line 28 pin " 
standard plastic package, 0.6 inch width. 

• Access Time 



^^--^.__ 


TC5564P 
TC5564PL 


TC5564P-1 
TC5564PL-1 


Address Access 
Time (Max.) 


100 ns 


150 ns 


CE"i Access Time 
(Max) 


100 ns 


150 ns 


CEj Access Time 
(Max.) 


100 ns 


150 ns 


Output Enable 
Time (Max.) 


50 ns 


70 ns 



Directly TTL Compatible. 
All Inputs and Outpus 
Stndard28Pin DIP 
Pin Compatible with 2764 type EPROM 
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,^^i||ilti^; 



Operation Mode 


CE"i 


CE, 


UE 


R/W 


l/Oi ~ l/Og 


Power 


Read 


L 


H 


L 


H 


DOUT 


'ddo 


Write 


L 


H 


* 


L 


Din 


'ddo 


Output Deselect 


L 


H 


H 


* 


High-Z 


'ddo 


Standby 


H 


* 


* 


* 


High-Z 


'dds 




L 


* 


* 


High-Z 


•dds 



t^lil^^PPil^i .^^ypiWp^. ; 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V,N 


Input Voltage 


-2 - 7.0 


V 


V,/o 


Input and Output Voltage 


-0.5 ~ Vdd +0 5 


V 


Pd 


Power Dissipation 


1.0 


W 


Tsolder 


Soldering Temperature 


260- 10 


''C sec 


Tstrg 


Storage Temperature 


-55-150 


°C 


Topr. 


Operating Temperature 


-30 ~ 85 


°c 



m, mmmmmmm mMmmm tmmmmmt 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


50 


55 


V 


VlH 


Input High Voltage 


22 




Vdd +0.3 


V 


V|L 


Input Low Voltage 


-0.5 


- 


08 


V 


Vdh 


Data Retention Supply Voltage 


2.0 




55 


V 



aC* iwwl OPi^ATINa O^AH^TgRISTK^ (Ta = -30 ~ 85° C, Vdd = 5V ±10% Unless otherwise noted) 



SYMBOL 




PARAMETER 


MIN 


TYP 


MAX 


UNIT 


l|L 


Input Leakage Current 


V|n=0'-Vdd 


_ 


- 


±1 


ma 


lOH 


Output High Current 


VoH=2.4V 


-1.0 


- 


- 


mA 


loL 


Output Low Current 


Vol = 0-4V 


40 


- 


- 


mA 


Ilo 


Output Leakage 
Current 


CFi=V,HorCE2=V,Lor 
R/W = V,L or OE = V|H 
VouT = - Vdd 


- 


- 


±1 


ma 


•ddoi 


Operating Current 


^1 = V|L and CEj = V|h 
Other Input = V|h/V|l 


tcycte = 1 MS 


- 


- 


10 


mA 


tcycie = 100ns 


- 


- 


45 


bD02 


Operating Current 


CE 1 = 0.2V and 
CEj = Vdd -0 2V 


tcycle = IMS 


- 




5 


mA 


Other Input 

= Vdd -0.2V/0 2V 




tcycie = 100ns 


- 


- 


40 


'ddsi 


Standby Current 


CE, =V,HOrCE2=V,L 


- 


- 


2 


mA 


IdDS2 


Standby Current 


CEi =Vdd -0 2V or 
CEj = 0.2V 
Vdd = 2 ~ 5 5V 


TC5564PL 


Ta = 25'*C 
Ta"= 60°C^ 


- 


- 


02 


ma 


TC 

fc 


5564PL-1 


- 


1 


5564P/TC5564P-1 


- 


- 


20 



Note In 
-0, 



standby mode with CE 
.2V or CEa ^ 0.2V. 



^ Vdd -0.2V, these specification limits are guaranteed under the condition of CEj ^ Vdd 
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Qfi^ACirmm (la = 25°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX 


UNIT 


C|N 


Input Capacitance 


V|N = GND 


5 


PF 


CouT 


Output Capacitance 


VouT = GND 


7 


PF 



Note This prameter is periodically sampled and is not 100% tested 



A,a €«^IIA^pfl|t$J|^, (Ta = 
Red Cycle 



-30 ~ 85*'C, Vdd = 5V ± 10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


TC5564P/PL 


TC5564P-1/PL-1 


UNIT 


MIN 


MAX. 


MIN. 


MAX 


tRC 


Read Cycle Time 


V,N = 2.4V/0.6V 
V,H=2 2V 


100 


- 


150 


- 


ns 


tACC 


Address AccessTime 


- 


100 


- 


150 


ns 


tcoi 


CE 1 Access Time 


V|L = 8V 

tr,tf^5ns 

VoH=22V 

Vol = 0.8V 

Output 

Load 

Cl (lOOpF) 

and 1-TTL 

Gate 


- 


100 


- 


150 


ns 


tC02 


CE2 AccessTime 


- 


100 


- 


150 


ns 


tOE 


Output Enable to 
Output in Valid 


- 


50 


- 


70 


ns 


tcOE 


Chip Enable (CE"i , CE2 ) to 
Output in Low-Z 


10 




10 


- 


ns 


tOEE 


Output Enable to 
Output in Low-Z 


5 


- 


5 


- 


ns 


too 


Chip Enable (CEi , CE2 ) to 
Output in High-Z 


- 


50 


- 


70 


ns 


to DO 


Output Enable to 
Output m High-Z 


- 


40 


- 


60 


ns 


tOH 


Output Data Hold Time 


30 1 


30 


- 


ns 



Write Cycle 



SYMBOL 


PARAMETER 


CONDITIONS 


TC5564P/PL 


TC5564P-1/PL-1 


UNIT 


MIN. 


MAX 


MIN 


MAX. 


twc 


Write Cycle Time 


V,N = 2.4V/0.6V 
V,H=2 2V 
V,L = 8V 
tr.tf ^5ns 


100 




150 


- 


ns 


twp 


Write Pulse Width 


70 


- 


100 


- 


ns 


tew 


Chip Selection to 
End of Write 


90 


- 


120 


- 


ns 


tAW 


Address Set up Time 





- 





~ 


ns 


tWR 


Write Recovery Time 





- 







ns 


tODW 


R/W to Output High-Z 


- 


50 


- 


70 


ns 


tOEW 


R/W to Output Low-Z 


10 


_ 


10 


- 


ns 


tDS ^ 
tDH 


Data Set up Time 


40 


- 


60 


- 


ns 


Data Hold Time 





- 





- 


ns 
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READ CYCLE (1) 



DoUT 





1 








): n 




tACC , 


i 


'.OH 






1 1 








v/////m 


tC02 


N 


MW 


M» 




tcoi 


too 








I 










^^^<^ 




w/m/mm/////// 




tOE 




tOD 








I 










mmt 


\^;> 


v///mmm//m/, 




'tOEE 


• 




tODO 








tCOE 




\£hL 






L.. 


tCOE __ 


f > 


\ 






X 








^ 


1 


? 



WRITE CYCLE 1 (R/W Controlled Write) 



o; 



D|N 



'i' 



^M: / 



f. 



-y 



>i^ DATA IN ^\/~ 

\ STABLE___j\_ 
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WRITE CYCLE 2 (4) (CE i Controlled Write) 





twc 


1 


Addresses \ 


: k 




^AW 


^WR 


' 




* 


L 


twp 






- \mw 


\\\\\\M 


-^ 


w/////////////////m 










- W///M 


W/// 


f 

^ 


.» -mmrnxm^^^^ 








tew 




\ 


-^m> 


c 


-t 




tCOE 


m 


U-tQDW 






f 


tDS 


tDH 












D|N 










J^ 


^ DATA IN ^y 
^ STABLE .\ 



WRITE CYCLE 3 (4) (CEj Controlled Write) 





, 


1 


"*•"•* \ \ 




tAW 1 




tWR 


1 ■ " ■ '■■- 




1 


tWP 






"- \\\\\\\\\x 


«Ml 




w//////////////////////. 












CE2 

7 


w///} 


I 


~ \ 

tew 


J 








tew 




- M» 


\^^^^ 


L 


1 


'm/////////////////m 




tCOE 


1 


iJc 


DW 




^ 


« 


^ 




OUT 


>^? 










T 


tDS 


tDH 






K- 




Din 










J^ 


- DATA IN -^ 
^ STABLE -^ 


< 
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NOTE: 

( 1 ) R/W is High for_R_ead Cycle. 

(2) Assuming that CEi Low transition or CE2 High transition occurs coincident with or after R/W Low 
transition, Outputs remain in a high impedance state. 

(3) Assuming that CEi High transition or CE2 Low transition occurs coincident with or prior to R/W 
High transition, outputs remain in a high impedance state. 

(4) Assuming that OE is High for Write cycle. Outputs are in high impedance state during this period. 



tmm IIETil«T«IN OWyiCTiRWIC^ (Ta = -30 -^ 85" C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


'dDS2 


Standby Current 


TC5564PL 


Ta = 25**C 


- 




0.2 


ma 


Ta = eO^'C 


- 




1.0 


ma 


TC5564P 


- 


- 


20 


MA 


tCDR 


Chip Deselection to Data Retention Mode 





- 


- 


MS 


tR 


Recovery Time 


tRC 


- 


- 


MS 



Note (1) tRC • Read cycle time 



CEi Controlled Data Retantion Mode (2) 



Data R«t«ntion Mod* 



Cfi 



Vnn -0-2 V 



CE2 Controlled Data Retention Mode (4) 



Vdo 



Data Rat«nsion Mod* 
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NOTE 

(2) In CEi controlled data retention mode, minimum standby current mode IS achieved under the condition 
of CE2 ^ 0.2V_or CE2 ^ Vdd -0.2V 

(3) If the V|H of CEi is 2.2V in operation, during the period that the Vdd Voltage is going down from 
4.5V to 2.4V, Iddsi current flows 

(4) In CE2 controlled data retention mode, minimum standby current mode is achieved under the con- 
dition of CE2 ^ 0.2V. 



miTiWE WAwiftros 



I 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 

n n n n n n HiH n n n n n n 



^> 





14 ±0 15 2 MAX 



-> 



Note Each lead pitch is 2 54 mm 

All leads are located withm 25 mm of their true longitudinal position with respect to No. 1 and No 28 leads 
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iTQ^pHIVA 



Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry 
©Apr., 1982 Toshiba Corporation 
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■ TOSHIBA miOS MEMORY PRODUCTS 



8,192 WORD X 8 BIT CMOS STATIC RAM 



SILICON GATE CMOS 



TC5565P/P- 1 
TC5565PL/PL- 1 



The TC5565P is 65,536 bit static random access 
memory organized as 8,192 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. Advanced circuit techniques provides both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum access 
time of 100ns/150ns. 

When CE2 is a logical low or CEi is a logical high, 
the device is placed in low power standby mode in 
which standby current IS 2m A typically. The TC5565P 
has three control inputs. Two chip enables (CEi, 
CE2) allow for device selection and data retention 
control and an output enable input (OE) provides 

FEATURES 

• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• Standby Current 

100m A (Max.) TC5565PL 
1mA(Max.) . TC5565P 

• 5V Single Power Supply 

• Power Down Features CE2,CEi 

• Fully Static Operation 

• Data Retention Supply Voltage 2.0 ~ 5.5V 

mU CONNECTION (TOP View) 



3 a, 
3 A, 

3a,, 
36e 
3a,o 



PIN NAMES 



Ao~Ai2 


Address Inputs 


R/W 


Read/Write Control Input 


- 


OE 


Output Enable Input 


CEi.CE^ 
l/Oi ~ l/Os 


Chip Enable Inputs 


Data Input/Output 


VoD 


Power (+5V) 


GND 


Ground 


NC 


No Connection 


1 



PRELIMINARY: The specification limits are subject to change without notice. 

fast memory access. Thus the TC5565P is suitable 
for use in various microprocessor application systems 
where high speed, low power and battery back up 
are required 

The TC5565P also features pin compatibility with 
the 64K bit EPROM (TMM2764D) RAM and 
EPROM are then interchangeable in the same socket, 
resulting inflexibility in the definition of the quantity 
of RAM versus EPROM in microprocessor application 
systems. 

The TC5565P is offered in a dual-m-line 28 pin 
standard plastic package. 



Access Time 



^^^^-^____ 


TC5565P 
TC5565PL 


TC5565P-1 
TC5565PL-1 


Address Access Time (MAX ) 


100 ns 


150 ns 


CEi Access Time (MAX ) 


100 ns 


150 ns 


CEj Access Time (MAX ) 


100 ns 


150 ns 


Output Enable Time (MAX.) 


50 ns 


70 ns 



• Directly TTL Compatible. All Inputs and Outputs 

• Standard 28 Pin DIP 

• Pin Compatible with 2764 type EPROM 

I BLOCK DIAGRAM I 
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,#t^fllii:l^i|^. 



Operation Mode 


CEi 


CE2 


OE 


R/W 


l/Oi ~ l/Og 


Power 


Read 


L 


H 


L 


H 


DOUT 


boo 


Write 


L 


H 


* 


L 


D|N 


boo 


Output Deselect 


L 


H 


H 


♦ 


High-Z 


boo 


Standby 


H 


* 


* 


* 


High-Z 


bos 


* 


L 


* 


* 


High-Z 


bos 



fiii^j^|i^-ijpl ilATjIfipP'f 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-2.0 ~ 7.0 


V 


V|/o 


Input and Output Voltage 


-0.5 - Vdd +0-5 


V 


Pd 


Power Dissipation 


1.0 


W 


Tsolder 


Soldering Temperature 


260-10 


°C . sec 


Tstrg 


Storage Temperature 


-55-150 


''C 


Topr. 


Operatmg Temperature 


0-70 


''C 



ft0,,f«|j^iPll^l^l*fi^;^^i#ti^{ 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 


- 


Vdd +0-3 


V 


V|L 


Input Low Voltage 


-0.5 


- 


0.8 


V 


Vdh 


Data Retention Supply Voltage 


20 


- 


55 


V 



tm^ 


Mm^m^m 


^^$^^, (Ta = 0~70''C,VDD = 5V±10%) 








SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l|L 


Input Leakage Current 


V|n=0-Vdd 


- 


- 


±1 


ma 


bH 


Output High Current 


VoH=2.4V 


-10 


- 


- 


mA 


bL 


Output Low Current 


Vol = 0.4V 


4.0 


- 


- 


mA 


Ilo 


Output Leakage 
Current 


CE , = V|H or CE2 = V|L or 
R/W = V|L or C5E = V,H 
Vout = 0~Vdd 


- 


- 


±1.0 


ma 


bDOl 


Operating Current 


Vdd=5 5V,CE, =V,l 

CE2=V,H 

Other Input = V|h/V|l 


tcycle = IjUS 


- 


- 


10 


mA 


Vie = 100ns 


- 


- 


45 


mA 


bD02 


Operating Current 


Vdd = 5.5V 
CEi =0 2V, 
CE2 = Vdd -0.2V 
Other Input = V|h/V|l 


tcycle = IMS 


- 


- 


5 


mA 


tcycle =100ns 


- 


- 


40 


mA 


bDSI 


Standby Current 


CEi=V,HorCE2=V,L 


- 


- 


3 


mA 


*bDS2 


Standby Current 


CE 1 = Vdd -0.2V or CEj = 0.2V 


TC5565PL 


- 


2 


100 


juA 


Vdd = 2 ~ 5.5V 




TC5565P 


- 


- 


1 


mA 



Note. In standby mode with CE 1 ^ Vdd -0.2V, these specification limits are guaranteed under the condition of CEj > Vdd 
-0 2VorCE2^0.2V 
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Q^ACirmCB (Ta = 25°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C|N 


Input Capacitance 


V|N =GND 


5 


PF 


CouT 


Output Capacitance 


VouT=GND 


7 


PF 



Note This parameter is periodically sampled and is not 100% tested 
AX. CHARACTgRISTIC (Ta = ~ 70° C, Vqd = 5V ±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


CONDITIONS 


TC5565P/PL 


TC5565P-1/PL-1 


UNIT 


MIN 


MAX 


MIN 


MAX 


tRC 


Read Cycle Time 


V|N = 2.4V/0.6V 

V,H = 2.2V 

V,L=08 
tr.tf ^5ns 
VoH=2.2V 
VoL=08V 

Output Load: 

Cl (lOOpF) 

andl-TTL 

Gate 


100 


- 


150 


- 


ns 


Ucc 


Address Access Time 


- 


100 


- 


150 


ns 


^COI 


CE"! Access Time 


- 


100 


- 


150 


ns 


tC02 


CEj Access Time 


- 


100 


- 


150 


ns 


tOE 


Output Enable to 
Output in Valid 


- 


50 


- 


70 


ns 


^COE 


Chip Enable (CFi.CEj) to 
Output in Low-Z 


10 


- 


10 


- 


ns 


tOEE 


Output Enable to 
Output Low-Z 


5 


- 


5 


- 


ns 


too 


Chip Enable (CE j , CEj ) to 
Output in High-Z 


- 


50 


- 


70 


ns 


tODO 


Output Enable to 
Output in High-Z 


- 


40 




60 


ns 


tOH 


Output Data Hold Time 


30 


~ 


30 


~ 


ns 



I 



Write Cycle 



SYMBOL 


PARAMETER 


CONDITIONS 


TC5565P/PL 


TC5565P-1/PL-1 


UNIT 


MIN. 


MAX. 


MIN. 


MAX 


twc 


Write Cycle Time 


V,N = 2.4V/0.6V 
V|H=2 2V 
V,L = 8V 
tr,tf^5ns 


100 


- 


150 


- 


ns 


twp 


Write Pulse Width 


70 


- 


100 


- 


ns 


tew 


Chip Selection to 
End of Write 


90 


- 


120 


- 


ns 


tAS 


Address Set up Time 





_ 





- 


ns 


%R 


Write Recovery Time 





- 





- 


ns 


tODW 


R/W to Output High-Z 


- 


50 


- 


70 


ns 
ns 


tOEW 


R/W to Output Low-Z 


10 
40 


—_ 


10 
60 "^ 


tos 

tDH 


Data Set up Time 


- 


ns 


Data Hold Time 





- 





- 


ns 
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TIMIN0 WAVEFORMS 

• READ CYCLE (1) 



t 



A 



W^ 



A 



OUTPUT DATA VALID 



WRITE CYCLE 1 (4) (R/W Controlled Write) 



DOUT 
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WRITE CYCLE 2 (4) (CE i Controlled Write) 





twc 




H 


>: 


X 




-i ^'^^ 






1 *^" » 










twf 




1 




MW 


mm; 


-^/7mi///////////////m, 




1 






W/M/l 


a 


'A 




tew 


^^^^^^^^^^^^^ 




1 




tew 






^iwm- 


V- 




tcOE 








tODW 






1' - 












« 


'> 






tDS 










Pi!i 






\- 










_ 




J 


- DATA IN ^/ 
^ STABLE ,\ 



WRITE CYCLE 3 (4) (CE2 Controlled Write) 



:>; 



M 



CEi 



DqUT 



S 



' jwm/m 



X 



: m///////////////m 



XDATA IN ^y 

__STABLE___^!^ 
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NOTE: 

( 1 ) R/W IS High for_R_ead Cycle. 

(2) Assuming that CEi Low transition of CE2 High transition occurs coincident with or after R/W Low 
transition, Outputs remain in a high impedance state. 

(3) Assuming that CEi High transition or CE2 Low transition occurs coincident with or prior to R/W 
High transition. Outputs remain in a high impedance state. 

(4) Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 



#m pljinjp^ eiipiii0*iiiw]^ (Ta = ~ 70^0 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


55 


V 


bDS2 


Stand by 
Supply Current 


TC5565PL 


- 


- 


100 


HA 


TC5565P 


- 


- 


1.0 


mA 


tCDR 


Chip Deselection to Data Retention Mode 


0' 


- 


- 


MS 


tR 


Recovery Time 


tpcd) 


- 


- 


US 



Note (1 ): Read cycle tinne 



• CE 1 Controlled Data Retention Mode 
Vdd 



4.5V 




Data Retention Mode 



Vnn -0-2V 




• CE2 Controlled Data Retention Mode 



Vdd 
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NOTE 

(2) In CEi controlled data retention mode, minimum standby current mode is achieved under the con- 
dition of CE2_£0.2V or CE2 ^ Vdd -0.2V 

(3) If the V|H of CE 1 is 2.2V in operation, during the period that the Vdd voltage is going down from 
4.5V to 2.4V, Iddsi current flows 

(4) In CE2 controlled data retention mode, minimum standby current mode is achieved under the con- 
dition of CE2 ^ 0.2V. 



-;gwj4iii-iii^^>«i^:- 




uuuuuuuuuuuuu u 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 




+0.1 
^-0.05 



Note- Each lead pitch is 2.54 mm. 

All leads are located within 25mm of their true longitudinal position with respect to No. 1 and No. 28 leads. 
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Note. Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry 
©Apr., 1982 Toshiba Corporation 
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rasable/ Programmable Read Only Memory 
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M TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD X 8 BIT EPROM 

N CHANNEL SILICON STACKED GATE MOS. 



TMM323D 
TMM323D- 1 



The TMM323D is a 2048 word x 8 bit ultraviolet 
erasable and electrically programmable read only 
memory For read operation it requires a single 
5-volt power supply only The maximum active pow- 
er dissipation is 525mW while the maximum standby 
power dissipation is only 132mW, a 75% savings 
Programming can be executed by applying 25-volt 
and 5-volt at the Vpp and Vcc terminals respectively, 
and applying a TTL level signal at the other input 
terminals. Programming the one bit location requires 



only a single pulse, and it is possible to program 
sequentially, individually or at random Under the 
condition Vpp = 25V, read operation is permitted in 
the program verify mode, and also programming is 
mhibitted by selecting the program inhibit mode 

The TMM323D is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 24-pin dual-in-line cerdip 
package 



mAwnm 

• Single.5-volt power supply 

• Access time TMM323D , 450ns (MAX ) 

TMM323D-1, 350ns (MAX ) 
Current 100 mA (active ) 
25mA (standby) 

• Three state output 

• Particular bit location programming 



• Progranns with one 50ms pulse 

• Total programming time 100 second 

• Inputs and outputs TTL compatible during read 
and program 

• Pin to pin compatible to.2716 type EPROM 



Wl* CONNECTION 



PIN NAMES 



BLOCK DIAGRAM 



A71 1 

As I 3 

A4 I 4 

A3 I 5 

Aj « 6 

Ai I 7 

Ao« 8 

Oo 9 

Oi Jio 

O^ " 
3N6'12 



24 , Vcc 
23, As 
22, A9 
21 I Vpp 
201CS 
19»Aio 
18 » PD/PG 
17»07 
16 06 
15 O5 
14 O4 
13 'O3 



Ao-Aio 


Addresses 


O0-O7 


Outputs 


rs 


Chip Select 


PD/PG M 


Power down/ 
Program 


Vcc, Vpp 


Power Supply 


GND 


Ground 



MOO€ SEtECTrON 



'~^^---.,.,^ PINS 


PD/PG M 
(18) 


cs 

(20) 


Vpp 
(21) 


Vcc 
(24) 


Outputs 
(9-11,13-17) 


Read 


ViL 


ViL 


5V 


5V 


Dout 


Deselect 


* 


VlH 


5V 


5V 


High Z 


Power Down 


ViH 


« 


5v ; 5V 


High Z 


Program 


m^;r 


VlH 


25V 


5V 


D in 


Program 
Verify 


ViL- 


ViL 


25V 


5V 


D out 


Program 
Inhibit 


ViL 


VlH 


25V 


5V 


High Z 



qOo qOi 0O2 0O30O4 oOs <j>06o07 




ViL or VlH 
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^^^^ffW ^^wHP, 








ITEM 


SYMBOL 


RATING 


UNIT 


Vcc Supply Voltage with respect to Ground 


Vcc 


-0.3 - + 7 


V 


Vpp Supply Voltage with respect to Ground 


Vpp 


-0.3 ~ + 26.5 


V 


All Input Voltages with respect to Ground 


ViN 


-0.3 ~ + 7 


V 


All Output Voltages with respect to Ground 


VoUT 


-0 3 ~ + 7 


V 


Power Dissipation 


Pd 


1 5 


W 


Soldering Temperature Times 


TSOLDER 


260-10 


°C . sec 


Storage Temperature 


TSTG 


-65 ~ + 1 25 


°C 


Operating Temperature 


TOPR 


0~70 


«C 



, ,flj|i^,-pWlfl^1t-jNCNNi, 



PARAMETER 


SYMBOL 




MIN. 


TYP 


MAX 


UNIT 


Power supply 


Vcc (1.2) 


TMM323D 


4 75 


5 


5 25 


V 


TMM323D-1 


45 


5 


55 


V 


Power supply 


Vpp (2) 




Vcc -0 6 


5 


Vcc + 6 


V 



Ta = ~ 70°C 



PARAMETER 


SYMBOL 


MIN. 


TYP. <3' 


MAX. 


UNIT 


CONDITIONS 


Input Load Current 


ILI 






±10 


MA 


V|N= 5.25V 


Output Leakage Current 


ILO 






±10 


ma 


VouT=5.25V/0.45V 


Vpp Current (Read) 


IpPi 






5 


mA 


Vpp = 5 85V 


Vcc Current (Standby) 


Ice, 




10 


25 


mA 


PD/PGM=V|H,CS = V|L 


Vcc Current (Active) 


iCC2 




57 


100 


mA 


PD/PGM = CS = V|L 


Input Low Voltage 


ViL 


-0 1 




0.8 


V 




Input High Voltage 


V|H 


2.0 




Vcc + 1 


V 




Output Low Voltage 


Vol 






0.45 


V 


lOL =2. 1mA 


Output High Voltage 


VOH 


2.4 






V 


loH =-400mA 



Ta = ~ 70*C. Vpp = Vcc ± 0.6V 



PARAMETER 


SYMBOL 


TMM323D 


TMM323D-1 


UNIT 


CONDITIONS 


MIN 


MAX 


MIN. 


MAX 


Address to Output Delay 


tACCl 




450 




350 


ns 


PD/PGM = CS = V|L 


PD/PGM to Output Delay 


tACC2 




450 




350 


ns 


CS=V,L 


Chip Select to Output Delay 


tco 




120 




120 


ns 


PD/PGM = V|L 


PD/PGM to Output Float 


tpF 





100 





100 


ns 


cs = v,L 


Chip Deselect to Output Float 


tDF 





100 





100 


ns 


PD/PGM = V|L 


Address to Output Hold 


tOH 












ns 


PD/PGM = CS = V|L 



• A.C. Test Conditions 

• Output Load : ITTL + lOOpF 

• I nput R ise and Fal I Times ( 1 0% ~ 90%) : ^ 20ns 

• Input Pulse Levels : V|l = 0.8V. V,h = 2.2V 

• Timing Measurement Reference Level Inputs 1 V & 2V, Outputs 0.8V & 2V 
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(Note 4) 

Ta = 25°C./=1MHz 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


CONDITIONS 


Min 


Typ 


Max. 


Input Capacitance 


CiN 




4 


• 6 


PF 


V|N=OV 


Output Capacitance 


COUT 




8 


12 


PF 


Vout = OV 



PD/PGM = V|L 



A. Read Mode 



B. Standby Mode 



>: 



n; 



, tco , 

(120ns) 
MAX 



X 



_ tOH _ 
(OnsM,N) 



Data Out Valid 



y 



Data Valid 
for Address 



IJ^ 



y: 



"\. 



Address N -f n 



(5) 
— tACC2 -* 
(450ns MAX) 
HIghZ 



y 



Data Valid 
for Address 



N + m j T 



Note 1 Vcc f"ust be applied stnnultaneously or before Vpp and cut off sinnultaneously or after Vpp ■ 



c-T 



2 The Vpp terminal Is permitted to connect the Vgc terminal directly during non-programming. 

3 Typical values are at Ta = 25°C and nominal supply voltages 
4. This parameter is periodically sampled and Is not 100% tested. 

5 The tACc2 is » output data delay time (i e. access time) from address or PD/PGM whichever changes late. 



Ta=25°C±5°C, Vcc =5V±5%,Vpp =25V± IV (Note 1, 2, 3) 



PARAMETER 


SYMBOL 


MIN 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Input Current 


ILI 






±10 


ma 


ViN=5.25V/0 45V 


Vpp Supply Current 


, 'PP, 






5 


mA 


PD/PGM = ViL 


Vpp Supply Current 
During Programming Pulse 


IPP2 






30 


mA 


PD/PGM = V|H 


Vcc Supply Current 


ice 






100 


mA 


'OUT =OmA 


Input Low Level 


ViL 


-0 1 




8 

Vcc+r" 


V 




Input High Level 


VlH 


20 




V 
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W:. 



AX:. PflOQRAKMMiNQ CHARACTERISTICS 



PARAMETER 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Address Setup Time 


tAS 


2 






MS 




C5 Setup Time 


tcss 


2 






flS 




Data Setup Time 


tDS 


2 






jLtS 




Address Hold Time 


tAH 


2 






JUS 




CS Hold Time 


tCSH 


2 






MS 




Data Hold Time 


tDH 


2 






MS 




Chip Deselect to Output FloatDelay 


tDF 







120 


ns 


PD/PGM = ViL 


Chip Select to Output Delay 


tco 






120 


ns 


PD/PGM = ViL 


Program Pulse Width 


tPW 


45 


50 


55 


ms 




Program Pulse Rise Time 


tPRT 


5 






ns 




Program Pulse Fall Time 


tPFT 


5 






ns 





A.C. Test Conditions 

Input Rise and Fall Times (10% ~90%) . < 20ns 

Input Pulse Levels : Vil =0.8V. Vih =2.2V 

Timing Measurement Reference Level . Input 1 V & 2V. Output 0.8V & 2V 



Vpp - 26V ± 1 V, Vcc "" 5V ±5% 



Data in Stable 
AddrfwN +m 




Nota: 1. Vcc """»* •»• •PP"«d fimultaneoufly pr bafora Vpp and cut off simultaneoualy or aftar Vpp_ 



^^Vcc—T 



"L_ 



2. Somatimas ramoving the davica from cockat and satting the device in socket under the condition Vpp ° 25V±1 V may destroy iti 
device, *o it should be noted during programming. 

3. Vpp supply voltage is permitted up to 26V programming, so the vottaga over 26V should not be applied to Vpp- 

Particularly whan switching pulse voltage is applied to Vpp, also the over-shoot voltage of its pulse should not be exceeded 26-voit. 
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The TMM323D's memory cell data can be erased 
by applying light with wavelengths shorter than 4000 
A. (lA = 10-» cm) 

Sunlight and the fluorescent lamps may include 
3000 ~ 4000 A wavelength components 

Therefore when used under such lighting for 
extended periods of time, an opaque seal (Toshiba 
EPROM Protecting Seal AC 901 etc ) will be required 
to protect the TMM323D Generally, ultraviolet light 
with a wavelength of 2537 A is recommended for 
TMM323D-erasing, and in this case the integrated 
dose (ultraviolet light intensity [w/cm' ] x time [sec] ) 
should be over 15 [w sec/cm^ ] 



When Toshiba sterilizing lamp GL-15 is used and 
the device is exposed at a distance of 1-cm from the 
lamp surface, erasure should be completed in about 
60 minutes. 

And using a lamp whose ultraviolet light intensity 
is a 12000 [juw/cm^ ] will reduce the exposure time 
to about 20 minutes. 

(In this case the integrated dose should be 12000 
[/iw/cm2 ] X (20 x 60) [sec] s 15 [w-sec/cm^ ] ) 



TMM323D-operation-modes are classified into six 
types, as shown m the following table Each mode 
can be selected by TTL level signals only. The Vcc 
and Vpp power supplies required are only 5-volt for 
read operation, and the Vpp power supply required is 
25-volt during program operation only. 



-^ ^-— —-^^ ^'^^ 

MODE ^~ ~~^" — — ___ 


PD/PGM 
(18) 


CS 
(20) 


Vpp 
(21) 


Vcc 

(24) 


Outputs 
(9-11,13-17) 


Read Operation 


Read 


ViL 


ViL 


5V 


5V 


D out 


Deselect 


# 


VlH 


5V 


5V 


High Z 


Power Down 


ViH 


• 


5V 


5V 


High Z 


Program Operation 


Program 


■^^Z 


VlH 


25V 


5V 


D in 


Program Verify 


ViL 


ViL 


25V 


5V 


D out 


Program Inhibit 


ViL 


VlH 


25V 


5V 


High Z 



Read Mode 



* V|L or V|H 

Deselect Mod& 



I 



Assuming that PD/PGM = V|l and CS = Vil, the 
output data is available within tACCi (MAX.) after 
stabilizing of the address. 

And assuming that PD/PGM = Vih or CS = Vjh, the 
outputs will become high impedance in state 

When all addresses are in the fixed state and CS = 
VjL, the output data is available within tACC2 
(MAX.) after the PD/PGM input is changes to V|l 
from the V|h level (Outputs change to data available 
state from a high impedance state.) 

When all addresses are in the fixed state and PD/ 
PGM = VjL, the output data is available within tco 
(MAX.) after the CS input is changed to Vjl from 
the V|H level. (Outputs change to data available state 
from a high impedance state ) 



Assuming that CS = Vih, the outputs will be m a 
high impedance state So two or more TMM323Ds 
may be tied together on the same data bus. And the 
CS input of the selected chip must be at the V|l 
level, and that of the other chip must be at the V|h 
level 
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Power Down Mode 

Assuming that PD/PGM = V|h, the power dissipa- 
tion will be reduced to one-fourth of normal active 
power. (i.e.525mW -»■ 132mW) 
Then all outputs will become high impedance in state 
independent of the CS input level. 

Program Mode 

Initially when received by customers all bits of the 
TMM323D are in the "1" state which is the erased 
state. 

Therefore programming is carried out by electrical- 
ly writing in the "0" state at the desired bit locations. 

Programming can be completed by applying the 
TTL level pulse signal with a pulse width of from 45 
to 55 ms to PD/PGM input under the condition 
where Vpp = 25V and CS = V|h. 

Programming the TMM323D is permitted in any 
sequence and also at any particular bit location. 

But the PD/PGM pulse width applied at one bit 
location should be over 45ms up to 55ms, and 
rewriting into the written location is not permitted. 

When programming is carried out by applying a 
DC voltage (Vm level) instead of a pulse to the PD/ 
PGM input, erroneous writing may occur sometimes. 



so a pulse whose recommended width is 50ms shou' 
be used in programming. 

Programming the same data to two or more TMI 
323Ds simultaneously can be accomplished by coi 
necting the respective pins together. 

Program Verify Mode 

In this mode the Vpp power supply is 25\A. 

But assuming that PD/PGM = Vil and CS= Vil 
it can be possible to read written data. 

For normal read operation, the Vpp power supph 
voltage required is 5V. 

Program Inhibit Mode 

Assuming that PD/PGM = Vil and CS = Vih under 
Vpp = 25V, it is able to inhibit the programming. 

According to the above, programming into two o 
more TMM323Ds mounted on a board will be pos 
sible. 

Programming into a desired chip tied on a commor 
bus line independently is possible by connecting al 
respective inputs except PD/PGM together and apply 
ing a pulse to the PD/PGM input of a desired chip anc 
applying DC voltage at the V|l level to the PD/PGIV 
inputs of the other chip. 




Note 

1. Each lead pitch is 2 54 mm. All leads are located 

within 0.25 mm of their true longitudinal position 

with respect to No. 1 and No. 24 leads 
2 This value is measured at the end of leads. 
3. All dimensions are in millimeters. 



©Ju 



Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are irpplied, and Toshiba 
the right, at any time without notice, to change said circuitry. 
, 1980 Toshiba Corporation 
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■ TOSMBA MOS MEMORY PRODUCTS 



2048 WORD X 8 BIT EPROM 

N CHANN£L SILICON STACKED GATE MOS. 



TMM323DI 
TMM323DI-1 



^i^iftiiflfiCrt* 



The TMM323DI is a 2048 word x 8 bit ultraviolet 
erasable and electrically programmable read only 
memory For read operation it requires a single 
5-volt power supply only The maximum active pow- 
er dissipation is 525mW while the maximum standby 
power dissipation is only 158mW, a 70% savings. 
Programming can be executed by applying 25-volt 
and 5-volt at the Vpp and Vcc terminals respectively, 
and applying a TTL level signal at the other input 
terminals Programming the one bit location requires 



only a single pulse, and it is possible to program 
sequentially, individually or at random Under the 
condition Vpp = 25V, read operation is permitted in 
the program verify mode, and also programming is 
inhibitted by selecting the program inhibit mode 

The TMM323DI is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 24-pin dual-in-line cerdip 
package 



• Wide operating temperature range 

Ta = -40~85°C 

• Single 5-volt power supply 

• Access time TMM323DI , 450ns (MAX.) 

TMM323Di-1 , 350ns (MAX.) 
Current 100mA (active) , TMM323DI 
120mA (active) ; TMM323DI-1 
30mA (standby) 



I Vcc 

,A9 
I Vpp 
ICS 
•Aio 
I PD/PGM 
'07 
Ofi 

O4 
'O3 



Ao-Aio 


Addresses 


Oo-O, 


Outputs 


CS 


Chip Select 


PD/PGM 


Power down/ 
Program 


Vcc, Vpp 


Power Supply 


GND 


Ground 



,(iili«i^n*faN 



^^"^--^-..^^ PINS 


PD/PGM 
(18) 


CS 
(20) 


Vpp 
(21) 


Vcc 
(24) 


Outputs 
(9-11,13-17) 


Read 


ViL 


ViL 


5V 


5V 


Dout 


Deselect 


• 


ViH 


5V 


5V 


High-Z 


Power Down 


VlH 


* 


5V 


5V 


High-Z 


Program 


suiZ 


Vm 


25V 


5V 


Dm 


Program 
Verify 


VlL- 


ViL 


25V 


5V 


Dout 


Program 
Inhibit 


VlL 


VlH 


25V 


5V 


High-Z 



• Three state output 

• Particular bit location programming 

• Programs with one 50ms pulse 

• Total programming time 100 second 

• Inputs and outputs TTL compatible during read 
and program 

• Pin to pin compatible to 2716 type EP-ROM 

mmi^mmnm 



9O0 oOi p02 0O30O4 oOs n06o07 




V|L or VlH 
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ITEM 


SYMBOL 


RATING 


UNIT 


Vcc Supply Voltage with respe,ct to Ground 


Vcc 


-0.3 ^ + 7 


V 


Vpp Supply Voltage with respect to Ground 


Vpp 


1 -0.3 ~ + 26.5 


V 


All Input Voltages with respect to Ground 


ViN 


-0.3 - + 7 


V 


All Output Voltages with respect to Ground 


VOUT 


-0 3 ~ + 7 


V 


Power Dissipation 


Pd 


1.5 


W 


Soldering Temperature- Times 


TSOLDER 


260-10 


"C - sec 


Storage Temperature 


TSTG 


-65- + 125 


»C 


Operating Temperature 


TOPR 


-40-85 


°C 



D.C. and A.C. OPERATING CONDITIONS 



PARAMETER 


SYMBOL 




MIN. 


TYP 


MAX 


UNIT 


Power supply 


Vcc (1.2) 


TMM323DI 


4.75 


5 


5 25 


V 


TMM323DI-1 


45 


5 


55 


V 


Power supply 


Vpp (2) 




Vcc -0 6 


5 


Vcc + 6 


V 



Ta = -40 ~ 85'*C 



PARAMETER 


SYMBOL 


MIN. 


TYP.O) 


MAX. 


UNIT 


CONDITIONS 


Input Load Current 


Ili 






±10 


MA 


V,N=5 25V 


Output Leakage Current 


Ilo 






±10 


MA 


VouT = 5 25V/0 45V 


Vpp Current (Read) 


IPP, 






5 


mA 


Vpp = 5 85V 


Vcc Current (Standby) 


'cci 




10 


30 


mA 


PD/PGM = V,H,CS =V,L 


Vcc Current (Active) 


TMM323DI 


Icca 




57 


100 


mA 


PD/PGM = CS = V,L 


TMM323DI-1 




57 


120 


Input Low Voltage 


VIL 


-0.1 




08 


V 




Input High Voltage 


VlH 


2.2 




Vcc + 1 


V 




Output Low Voltage 


Vol 






45 


V 


Iql =2 1mA 


Output High Voltage 


VOH 


24 






V 


loH = -400mA 



Ta = -40 ~ 85'*C. Vpp = Vcc ±0 6V 



PARAMETER 


SYMBOL 


TMM323DI 


TMM323DI-1 


UNIT 


CONDITIONS 


MIN 


MAX 


MIN. 


MAX 


Address to Output Delay 


tACCl 




450 




350 


ns 


PD/PGM = CS = V,L 


PD/PGM to Output Delay 


tACC2 




450 




350 


ns 


CS = V,L 


Chip Select to Output Delay 


tco 




120 




120 


ns 


PD/PGM = V|L 


PD/PGM to Output Float 


tPF 





100 





100 


ns 


CS = V,L 


Chip Deselect to Output Float 


tDF 





100 





100 


ns 


PD/PGM = V,L 


Address to Output Hold 


tOH 












ns 


PD/PGM = CS = V,L 



A.C. Test Conditions 

Output Load ITTL+IOOpF 

Input Rise and Fall Times (10% ~ 90%) ^ 20ns 

Input Pulse Levels V|l = 8V, V|h = 2 2V 

Timing Measurement Reference Level Inputs IV & 2V, Outputs 8V & 2V 
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viote 4) 

ra = 25°C,/=1MHz 



PARAMETER 




SYMBOL 


LIMITS 


UNIT 


CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


CiN 




4 


6 


PF 


ViN =0V 


Output Capacitance 


COUT 




8 


12 


PF 


Vout = OV 



TIMING WAVEFORMS imm) 

A. Read Moda PD/PGM = Vm 



B. Standby Mode 



CS = V,L 



>: 



n: 



, tco . 

(120n») 
MAX 



y' 



»N .. g" 



y: 



"X 



X 



_ tOH _ 
(OnsMiN) 



A 



tpF 



(o-^ToOoi) 



Data Out Valid 



Address N + m 



y 



High 2 



Note: 1. Vcc fnu't be applied simultaneously or before Vpp and cut off simultaneously or after Vpp, • 



Vcc- 



2. The Vpp terminal Is permitted to connect the Vcc terminal directly during non-programming. 

3. Typical values are at Ta - 25**C and nominal supply voltages. 

4. This parameter Is periodically sampled and Is not 100% tested. 

5. The tAcc2 Is a output data delay time (i.e access time) from address or PD/PGM whichever changes late. 



I 



Ta = 25''C±5°C.Vcc =5V±5%, Vpp =25V± 1 V (Note 1 , 2. 3) 



PARAMETER 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Input Current 


ILI 






•±10 


/zA "^ 


ViN=5.25V/0.45V 


Vpp Supply Current 


IpPi 






5 


mA 


PD/PGM = ViL 


Vpp Supply Current 
During Programming Pulse 


Ippj 






30 


mA 


PD/PGM =V|H 


Vcc Supply Current 


Ice 






100 


mA 


IOUT=0mA 


1 nput Low Level 


ViL 


-0 1 




08 


V 




Input High Level 


VlH 


20 




Vcc + 1 


V 
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PARAMETER 


SYMBOL 


MIN. 


TYP. 


MAX 


UNIT 


CONDITIONS 


Address Setup Time 


tAS 


2 






MS 




C^ Setup Time 


tcss 


2 






MS 




Data Setup Time 


tDS 


2 






MS 




Address Hold Time 


tAH 


2 






JUS 




CS Hold Time 


tCSH 


2 






JUS 




Data Hold Time 


tDH 


2 






MS 




Chip Deselect to Output Float Delay 


tDF 







120 


ns 


PD/PGM = ViL 


Chip Select to Output Delay 


tco 






120 


ns 


PD/PGM = ViL 


Program Pulse Width 


tPW 


45 


50 


55 


ms 




Program Pulse Rise Time 


tPRT 


5 






ns 




Program Pulse Fall Time 


tPFT 


5 






ns 





A.C. Test Conditions 

Input Rise and Fall Times (10% ~ 90%) . < 20ns 

Input Pulse Levels V|l =0 8V, Vih =2 2V 

Timing Measurement Reference Level Input 1 V & 2V, Output 0.8V & 2V 






Vpp = 25V±1V, Vcc "5V ±5% 



Data in Stable 
Add rati N +m 




Note: 1. Vcc "^^'^ be applied simultaneously pr before Vpp and cut off timultaneoutly or after Vpp, . 



_^Vcc 



-J" 



X- 



2. Sonr^etimes removing the device from soclcet and setting the device in socltet under the condition Vpp - 25V±1V may destroy its 
device, so it should be noted during programming. 

3. Vpp supply voltage is permitted up to 26V programming, so the voltage over 26V should not be applied to Vpp- 

Particularly when switching pulse voltage is applied to Vpp, also the over-shoot voltage of its pulse should not be exceeded 26-volt. 
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The TMM323Drs memory cell data can be erased 
by applying light with wavelengths shorter than 4000 
A. (IA= 10-« cm) 

Sunlight and^the fluorescent lamps may include 
3000 ~ 4000 A wavelength components 

Therefore when used under such lighting for 
extended periods of time, an opaque seal (Toshiba 
EPROM Protecting Seal AC 901 etc ) will be required 
to protect the TMM323DI. Generally, ultraviolet light 
with a wavelength of 2537 A is recommended for 
TMM323D I -erasing, and in this case the integrated 
dose (ultraviolet light intensity [w/cm^ ] x time [sec] ) 
should be over 1 5 [w sec/cm^ ] 



When Toshiba sterilizing lamp GL-15 is used and 
the device is exposed at a distance of 1-cm from the 
lamp surface, erasure should be completed in about 
60 minutes 

And using a lamp whose ultraviolet light intensity 
IS a 12000 [/iw/cm^] will reduce the exposure time 
to about 20 minutes. 

(In this case the integrated dose should be 12000 
[jLrw/cm2 j X (20 X 60) [sec] s 15 [w sec/cm^ ] .) 



TMM323D I -operation-modes are classified into six 
types, as shown in the following table Each mode 
can be selected by TTL level signals only The Vcc 
and Vpp power supplies required are only 5-volt for 
read operation, and the Vpp power supply required is 
25-volt during program operation only. 



MODE ~~~~ — — -___ 


PD/PGM 
(18) 


cs 

(20) 


Vpp 
(21) 


Vcc 
(24) 


Outputs 
(9-11,13-17) 


Read Operation 
(Ta = -40 ~ 85°C) 


Read 


ViL 


ViL 


5V 


5V 


D out 


Deselect 


» 


VlH 


5V 


5V 


High-Z 


Power Down 


VlH 


• 


5V 


5V 


High-Z 


Program Operation 
(Ta = 25±5°C) 


Progrann 


^^Z 


VlH 


25V 


5V 


Din 


Program Verify 


ViL 


ViL 


25V 


5V 


Dout 


Program Inhibit 


ViL 


VlH 


25V 


5V 


High-Z 



Read Mode 



* VjL or V|H 

Deselect Mod& 



I 



Assuming that PD/PGM = Vjl and CS = Vjl, the 
output data is available within tACCi (MAX.) after 
stabilizing of the address. 

And assuming that PD/PGM = V|h or CS = V|h, the 
outputs will become high impedance in state 

When all addresses are in the fixed state and CS = 
V|L, the output data is available within tACC2 
(MAX.) after the PD/PGM input is changes to V|i_ 
from the Vjh level. (Outputs change to data available 
state from a high impedance state.) 

When all addresses are in the fixed state and PD/ 
PGM = V||_, the output data is available within tco 
(MAX ) after the CS input is changed to V|l from 
the V|H level (Outputs change to data available state 
from a high impedance state.) 



Assuming that CS = Vjh, the outputs will be in a 
high impedance state So two or more TMM323Dls 
may be tied together on the same data bus. And the 
CS input of the selected chip must be at the Vjl 
level, and that of the other chip must be at the Vm 
level. 
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Power Down Mode 

Assuming that PD/PGM = V|h, the power dissipa- 
tion will be reduced to one-fourth of normal active 
power. 

Then all outputs wi_n_become high impedance in state 
independent of the CS input level. 

Program Mode 

Initially when received by customers all bits of the 
TMM323DI are m the "1" state which is the erased 
state. 

Therefore programming is carried out by electrical- 
ly writing in the "0" state at the desired bit locations. 

Programming can be completed by applying the 
TTL level pulse signal with a pulse width of from 45 
to 55 ms to PD/PGM_ input under the condition 
where Vrp = 25V and CS = V|h 

Programming the TMM323DI is permitted in any 
sequence and also at any particular bit location 

But the PD/PGM pulse width applied at one bit 
location should be over 45ms up to 55ms, and 
rewriting into the written location is not permitted 

When programming is carried out by applying a 
DC voltage (V|h level) instead of a pulse to the PD/ 
PGM input, erroneous writing may occur sometimes. 



so a pulse whose recommended width is 50ms shou 
be used in programming. 

Programming the same data to two or more TM 
323Dls simultaneously can be accomplished by co 
necting the respective pins together 

Program Verify Mode 

In this mode the Vpp power supply is 25y_ 

But assuming that PD/PGM = Vil and CS = Vil 

It can be possible to read written data 

For normal read operation, the Vpp power suppi 

voltage required is 5V. 

Program Inhibit Mode 

Assuming that PD/PGM = V| l and CS = V| h unde 
Vpp = 25V, It IS able to inhibit the programming. 

According to the above, programming into two c 
more TMM323Dls mounted on a board will be po: 
sible 

Programming into a desired chip tied on a commo 
bus line independently is possible by connecting a 
respective inputs except PD/PGM together and appiv 
ing a pulse to the PD/PGM input of a desired chip an< 
applying DC voltage at the V|l level to the PD/PGN 
inputs of the other chip. 



'^MiMiftiii^Wi' 




Note , 

1. Each lead pitch is 2 54 mm. All leads are located 

within 25 mm of their true longitudinal position 

with respect to No 1 and No. 24 leads 

2 This value is measured at the end of leads 

3 All dimensions are in r 



Note- Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reMrvei 

the right, at any time without notice, to change said circuitry 
©Nov, 1981 Toshiba Corporation 
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■ TOSHIBA MOS MEMORY PRODUCTS 



396 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
ROGRAMMABLE ROM 

■CHANNEL SILICON STACKED GATE MOS 



TMM2732D 
TMM2732D-2 



oescm^Ttoi^ 

The TMM2732D is a 4096 word x 8 bit ultraviolet 
ight erasable and electrically programmable read only 
nemory. For read operation, the TMM2732D's 
naximum access time is 350ns/250ns, and the 
rMM2732D operates from a single 5-volt power sup- 
)ly and has a low power standby mode which reduces 
he power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL- 
iigh level signal to the CE input. The maximum 
jctive current is 150mA and the maximum standby 
:;urrent is 25mA/35mA 



nmmm 

* Single 5-volt power supply 

* Fast access time 

TMM2732D . 350ns 
TMM2732D-2 250ns 
» Power dissipation 

150mA (Max.) (Active) 
25mA (Max.) (Standby 
35mA (Max.) (Standby 

* Low power standby mode 



TMM2732D) 
TMM2732D-2) 
CE 



For program operation, the programming is achiev- 
ed by applying a 50ms active TTL low program pulse 
to the CE input, ancLit is possible to program sequen- 
tially, individually, or at random. 

The TMM2732D is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 24 pin dual in line cerdip 
package. 



Output buffer control OE 

Fully Static operation 

Programs with one 50ms pulse 

Single location programming 

Total programming time about 200 seconds 

Three state outputs 

Inputs and Outputs 

Directly TTL compatible 
Pin compatible with i2732 and ROM-TMM2332P 



»l.0e«OIA11«A»^^ 



n^mmm 



Ao~Au 


Address Inputs 


Oo~0, 


Data Outputs (Inputs) 


CE 


Chip Enable Input 


OE/Vpp 


Output Enable Input/Program Power 


Vcc 


Power (+5V) 


GND 


Ground 



vpp aiNU Vcc 

1 111 ?n 
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■~^~— --— -___^ PINS (NO.) 
MODE "^~- ___ 


CE 
(18) 


OE/Vpp 
(20) 


Vcc 

(24) 


Outputs 
(9-11,13-17) 


Read 


V|L 


V|L 


+5V 


DoUT 


Output Deselect 


• 


V,H 


+5V 


High Impedance 


Standby 


V|H 


• 


+5V 


'High Impedance 


Program 


V|L 


Vpp 


+5V 


D|N 


Program Verify 


V|L 


V|L 


+5V 


DoUT 


Program Inhibit 


V,H 


Vpp 


+5V 


High Impedance 



V|H or V|L 
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SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Supply Voltage 


-0.3 ~ 7.0 


V 


OE/Vpp 


Program Supply Voltage 


-0.3 ~ 26.5 


V 


V,N 


Input Voltage 


-0 3~7.0 


V 


VoUT 


Output Voltage 


-03-70 


V 


Pd 


Power Dissipation 


1.6 


W 


TsOLDER 


Soldering Temperature Time 


260 • 10 


°C • sec 


TSTRG 


Storage Temperature 


-65-125 


°C 


TOPR 


Operating Temperature 


0~70 


*'C 



READ OPERATION 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vcc 


Vcc Supply Voltage 


4 75 


5.0 


5.25 


V 


V,H 


Input High Voltage 


2.0 


- 


Vcc + 1.0 


V 


V|L 


Input Low Voltage 


-0.3 


- 


0.8 


V 



Mmm> OPERATING qR^^M^i#: (Ta 


= 0-70''C,Vcc = 


5V ± 5%, unless otherwise noted) 




SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


l|L 


Input Load Current 


V,N = - 5.25V 


- 


- 


±10 


ma 


Ilo 


Output Leakage Current 


VouT =0.4-5 25V 


- 


- 


±10 


ma 


icci 


Vcc Current (Standby) 


CE = V,H 


TMM2732D 


- 


- 


25 


mA 


TMM2732D-2 


- 


- 


35 


ICC2 


Vcc Current (Active) 


CE = V,L 


- 


- 


150 


mA 


Vol 


Output Low Voltage 


l0L = 2.1mA 


- 


- 


0.4 


V 


VOH 


Output High Voltage 


l0H= -400mA 


2.4 


- 


- 


V 
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^^M 


^^^^^^^^< (Ta = ~ yo'C, Vcc = 5V ± 5%, unless otherwise noted) 








SYMBOL 


PARAMETER 


CONDITIONS 


TMM2732D 


TMM2732D-2 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


CE = OE = V,L 


- 


350 


- 


250 


ns 


tCE 


CE to Output Valid 


OE = V,L 


- 


350 


- 


250 


ns 


tOE 


OE to Output Valid 


CE = V,L 


- 


120 


- 


100 


ns 


tDFi 


CE to Output in High-Z 


0E = V,L,CE = V|H 





100 





90 


ns 


tDF2 


OE to Output in High-Z 


CE = V,L,OE = V,H 





100 





90 


ns 


tOH 


Output Data Hold Time 


CE = OE = V,L 





- 





- 


ns 



Output Load . 1TTL Gate and Cl (lOOpF) 

Input Pulse Rise and Fall Times : ^ 20 ns 
Input Pulse Levels : 0.8 ~ 2.2V 

Timing Measurement Reference Level Inputs IV and 2V 

Outputs 8V and 2V 



,€mmxfMmm 



MTa = 25^*0, f=1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX. 


UNIT 


Qni 


Input Capacitance Except (5E/Vpp 


V,N=OV 


- 


- 


6 


pF 


Qn2 


Input Capacitance (OE/Vpp) 


V,N=OV 


- 


- 


20 


PF 


COUT 


Output Capacitance 


VouT=OV 


- 


- 


12 


pF 



* This parameger is periodically sampled and is not 100% tested 



Ao~Aii V 
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tACC v$ Vc 




















Ta-25"'C 


300 




\ 












\ 














^2=0 






s 












^-HX) 






\, 












" 








\, 




















■^ 








loO 



















Vcc <V) 
tOE vs Vcc 



" 












Ta » 25° C 


































s 




\ 














s 






\, 












50 






s 


^ 


















^ 



























S 

























tCE V 


Vcc 




















Ta - 25°C 
































l'°° 




\ 














"200 




^-^1 


















^ ' 


































































Vcc <V) 
tACC tCE. tOE vs Ta 















Vcc = 5 OV 


9,0 














» 










^ 




^^ 




O09 








^ 












*^ 


^ 












* 


^ 


^^ 














o 






































20 


40 


60 














ICCI V 


Vcc 








1 2 












CE = 20V 
Ta = 25° C 












Hii 




































r° 










__ 




' 


"^ 


— 


, ■ 












09 




































' 






Vcc 


'(V) 




5 











ICC2V 


Vcc 








12 












CE = 0V 
Ta = 25°C 












8n 

IS 












































^f^ ■ 


^ 




— 




^^ 




> 








09 






































4 






55 





Vcc (V) 
ICC2 "s Ta 











J 


Vcc = 5 OV 






""^ 


^^ 






CE = OV 




- 


















— 


^- 
























— 
























° 


2 





Ta 


(°C) 


6 




8 


















Vcc = 5 OV 














CE = 2 OV 




■^ 


-- 


^ 




















'---H 


-^^ 






















^^ 








































7 






L_- 























Vcc = 5 OV 

\ " 1 










_ . - 




_^ 




- 






' 


^ 


^ 
























' 


6 


4 
Ta 


(°C) 


60 i 
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PROGRAM OPERATION 



:iJfe,iit!^WiiNif ^PWI'WTI^ ,<^piT»ii|^" 



SYMBOL 


PARAMETER 


MIN 


TYP. 


MAX. 


UNIT 


V,H 


Input High Voltage 


20 


- 


Vcc + 1.0 


V 


V,L 


Input Low Voltage 


-0 3 


- 


08 


V 


Vcc 


Vcc Supply Voltage 


4 75 


50 


5.25 


V 


Vpp 


Program Input Voltage 


24 


25 


26 


V 



(Ta = 25± 5°C, Vcc = 5V ± 5%. Vpp = 25V ±1 V) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


V,N=0~5 25V 


- 


- 


±10 


HA 


VoH 


Output High Voltage 


Ioh=-400mA 


24 


- 


- 


V 


Vol 


Output Low Voltage 


IOL=2.1nnA 


- 


- 


0.4 


V 


Ice 


Vcc Supply Current 


. 


- 


- 


150 


mA 


Ipp 


Vpp Supply Current 


CE = V,L, OE = Vpp 


- 


- 


30 


mA 



liiir^OGRAMMlNeCMABii^M^ (Ta = 


25±5''C,Vcc = 


5V±5%.Vpp = 25V±1V) 




SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Set Up Time 


2 


- 


- 


US 


tOES 


OE Set Up Time 


2 


- 


- 


MS 


tDS 


Data Set Up Time 


2 


- 


- 


MS 


(DtAH 


Address Hold Time 





- 


- 


MS 


tOEH 


OE Hold Time 


2 


- 


- 


MS 


tDH 


Data Hold Time 


2 


- 


- 


MS 


tDF 


CE to Output in High-Z 


- 


- 


100 


ns 


tCE 


CE to Output Valid 


- 


- 


350 


ns 


tpw 


Program Pulse Width 


45 


50 


55 


ms 


tPRT 


Vpp Pulse Rise Time 


50 


- 


- 


ns 


tvR 


Vpp Recovery Time 


2 


- 


- 


MS 



Note (1) tAH (Program Operation 1) = O^s mm. 
tAH (Program Operation 2) = 2ms mm. 
Refer to Timing. Waveforms 



• Input Pulse Rise and Fall Tinnes . ^ 20ns 

• Input Pulse Levels 0.8V ~ 2.2V 

• Ti mi ng-iyi^easurennent Reference Level - Inputs : 1V&2V 

Outputs : 0.8V & 2.0V 
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TIMING WAVEFORMS (PROGRAM OPERATION) 
Program Operation 1. 





X 






PROGRAM MODE 








PROGRAM 










VERIFY MODE 






ADDRESS N 




% 




tAS 




tpw 


tVR , 1 


, tAH 








■* ■ 


^. y 






[ ^ 


' 




tOES 


tOEH 








tPRT 












Vpp 


/ 














tDS 




\ 


/ 




-i 


k 




























tCE 




tDF 


















''-~ DATA IN ■'<y /~ DATA OUT "'S: 
(ADDRESS N) _/ S,^ (ADDRESS N) _^ 



Program Operation 2. (OE/Vpp = Vpp) 



ix: 



< 



%. 



DATA IN (ADDRESS N) 



> 



1 ■ Vcc must be applied simultaneously or before Vpp ar>d cut off simultaneously or after Vpp 

2. Sometimes removing the device from socket and setting the device In socket under the condition Vpp = 25V ±1V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 26V for program operation, so the voltage over 26V should not be applied to the Vpp input. 
When the switching pulse voltage Is applied to the Vpp input, the over-shoot voltage of its pulse should bot be exceeded 26V 



The TMM2732D's erasure is achieved by applying 
shortwave ultraviolet light which has a wavelength of 
2537A (Angstroms) to the chip through the trans- 
parent window. Then integrated does (ultraviolet 
light intensity [w/cm^ ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w. sec/cm^ ] . 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 



And using commercial lamps whose ultraviolet 
light intensisty is a 12000 [jLtw/cm^] will reduce the 
exposure time to about 20 minutes (In this case, the 
integrated does is 12000 [^w/cm^] x (20 x 60) 
[sec] s 15 [w. sec/cm ] ) 

The TMM2732D's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A 
The sunlight and the fluorescent lamps will include 
3000 ~ 4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, the opaque seals - Toshiba EPROM Protect 
Seal AC901 -are available 
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The TMM2732D'ssix operation modes are listed in 
the following table. Mode selection can be achieved 
by applying TTL level signal to all inputs except for 
OE/Vpp In the read operation nnode, a single 5-volt 



power supply is required and the levels required for 
all inputs are TTL. 

In the program operation mode the OE/Vpp is 
pulsed from a TTL level to 25V. 



MODE 


-— _____^^^ PINS (NO.) 


CE (18) 


OE/Vpp (20) 


Vcc (24) 


Oo-O, (9-11,13-17) 


READ 
OPERATION 
(Ta = ~ 70°C) 


READ 


V|L 


V|L 


+5V 


DATA OUTPUT 


OUTPUT DESELECT 


* 


V,H 


+5V 


HIGH IMPEDANCE 


STANDBY 


V|H 


♦ 


+5V 


HIGH IMPEDANCE 


PROGRAM 
OPERATION 
(Ta = 25±5°C) 


PROGRAM 


V|L 


Vpp 


+5V 


DATA INPUT 


PROGRAM VERIFY 


V|L 


V|L 


+5V 


DATA OUTPUT 


PROGRAM INHIBIT 


V|H 


Vpp 


+5V 


HIGH IMPEDANCE 



V|H orV|L 



RiAOMOOi 

The TMM2732D has two control functions. Chip 
Enable (CE) controls the operation power and should 
be used for device selection. Output Enable (OE) 
controls the output buffers, independent of device 
selection 

Assuming that CE = OE = V|l, the output data is 
valid at the outputs after address access time (350ns/ 



250ns max.) from stabilizing of the addresses. 

The CE to output valid (tcE) is equal to the address 
access time 

Assuming that CE = V|l and address are stable, the 
output data is valid at the outputs after toE (120ns/ 
100ns max ) from the falling edge of OE. 



OUTPUT DISILECT MCH>E 

Assuming that OE = Vjh, the outputs will be in a 
high impedance state. So two or more TMM2732D's 
can be connected together on a common bus line. 



When CE is decoded for device selection, all deselect- 
ed devices are in low power standby mode. 



The TMM2732D has a low power standby mode 
controlled by CE signal. By applying a TTL high 
level signal to the CE input, the TMM2732D is placed 
in the standby mode which reduce the operating cur- 



rent from 1 50mA to 25mA/35mA, and then the out- 
puts are in a high impedance state, independent of 
the OE input. 
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PROGBAM m>Bt 

Initially, when received by customers, all bits of 
the TMM2732D are in the '1 ' state which is erased 
state. Therefore the program operation is to intro- 
duce 'Os' data into the desired bit locations by electri- 
cally programming. The TMM2732D is set up in the 
program operation mode when applied the program 
input voltage (+25V) to the OE/Vrp input under 
CE = ViH. 

Then programming is achieved by applying a 50ms 
active low TTL program pulse to the CE input after 



the addresses and data are stable. This program pulse 
should be a single pulse with 50ms pulse width per 
address word, and its maximum value is 55mS. The 
levels required for the address and data inputs are 
TTL. The TMM2732D can be programmed at any 
time Individually, sequentially, or at random. The 
TMM2732D must n_ot^ be programmed with a DC 
signal applied to the CE input 



PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. The 
verify is accomplished with 01/Vpp and CE at V|l. 



Data should be verified after tcE (350ns max.) from 
the falling edge of CE. 



PROGRAM INHIBIT MODE 

Under the condition that the program input volt- 
age (+25V) is applied to the ^/Vrr input, a TTL 
high level CE input inhibits the TMM2732D from 
being programmed. 



Programming of two or more TMM2732D's in 
paralled with different data is easily accomplished. 
That is, all inputs except for CE are commonly con- 
nected, and the program pulse is applied to the CE 
input of the desired device only and the TTL high 
level signal is applied/to the other devices. 



OUTLINE DRAWINGS 




! I 

16 2~ 17.5 J 



©Nov 



Each lead pitch is 2 54mm. All leads are located withm 25m 
This value is measured at the end of leads 
All dimensions are in millimeters 
1981 Toshiba Corporation 



a longitudinal position with respect to No. 1 and No. 24 leads. 
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■ TOSHIBA MOS MEMORY PRODUCTS 



4096 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE ROM 

N CHANNEL SILICON STACKED GATE MOS 



TMM2732DI 
TMM2732DI-2 



Og^miPTION 

The TMM2732DI is a 4096 word x 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory For read operation, the TMM2732Drs 
maximum access time is 350ns /250ns and the 
TMM2732DI operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing ac- 
cess time The standby mode is achieved by applying 
a TTL-high level signal to the CE input The maxi- 
mum active current is 150 mA and the maximum 
standby current is 30 mA/40 mA. 

• Wide operating temperature range 

Ta = -40 ~ 85°C 

• Fast access time 

TMM2732DI , 350 ns 
TMM2732DI-2, 250 ns 

• Power dissipation 

150 mA Max. (active current) 
30 mA Max (standby TMM2732DI) 
40 mA Max (standby TMM2732DI-2) 

pmmnmmimu 




Pm NAMES 



Ao~Am 


Address Inputs 


Oo~0, 


Data Outputs (Inputs) 


CE 


Chip Enable input 


OE/Vpp 


Output Enable Input/Program Power 


Vcc 


Power i+bV) 


GND 


Ground 



For program operation, the programming is achiev- 
ed by applying a 50 ms active TTL low program pulse 
to the CE input, and it is possible to program sequen- 
tially, individually, or at random 

The TMM2732DI is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 24 pin dual in line cerdip 
package 



Low power standby mode CE 

Output buffer control OE 

Fully static operation 

Programs with one 50 ms pulse 

Single location programming 

Total programming time about 200 second 

Three state outputs 

Inputs and outputs TTL compatible 

Pin compatible with i2732 and ROM TMM2332P 



BLOCK DIAaRAM 



Vpp GND Vcc 

■ill 



OoOi O2O3O4OSO6O7 



OE , CE 



Memory Cell 
Array 
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MODE SEtECTION 



MODE — --^___ 


CE 
(18) 


OE / Vpp 
(20) 


Vcc 

(24) 


Outputs 
(9- 11, 13- 17) 


Read 


V,L 


V|L 


+5V 


Dqut 


Output Deselect 


* 


V|H 


+5V 


High Impedance 


Standby 


V|H 


* 


+5V 


High Impedance 


Program 


V,L 


Vpp 


+5V 


D|N 


Program Verify 


V,L 


V|L 


+5V 


DoUT 


Program Inhibit 


V,H 


Vpp 


+5V 


High Impedance 



V,H or V,L 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Supply Voltage 


-0 3 ~ 7 


V 


OE/Vpp 


Program Supply Voltage 


-0 3 ~ 26 5 


V 


V|N 


Input Voltage 


-03-70 


V 


VoUT 


Output Voltage 


-03-70 


V 


Pd 


Power Dissipation 


1 6 


W 


^SOLDER 


Soldering Temperature Time 


260 10 


°C sec 


TsTRG 


Storage Temperature 


-65-125 


°C 


ToPR 


Operating Temperature 


-40 - 85 


°C 



READ OPERATION 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Vcc 


Vcc Supply Voltage 


4 75 


50 


5 25 


V 


V|H 


Input High Voltage 


22 




Vcc + 1 


V 


V,L 


Input Low Voltage 


-0 3 


- 


08 


V 



D.C. and OPERATING CHARACTERISTICS 

(Ta= -40 - 85°C, Vcc = 5V ± 5%, unless otherwise noted) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l|L 


Input Load Current 


V|N =0- 5.25V 


- 


- 


±10 


AiA 


Ilo 


Output Leakage Current 


VouT =04- 5.25V 


- 


- 


±10 


ma 


Ice, 


Vcc Current (Standby) 


CE = V,H 


TMM2732DI 


- 


- 


30 


mA 


TMM2732DI-2 


_ 


_ 


40 


Ice, 


Vcc Current (Active) 


CE = V,L 


_ 


- 


150 


mA 


Vol 


Output Low Voltage 


Iql = 2.1mA 


- 


- 


04 


V 


VOH 


Output High Voltage 


loH =-400jLiA 


24 


- 


- 


V 
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A.C, CHARACTERISTICS 

(Ta = -40 ~ 85°C, Vqc = 5V ± 5%, unless otherwise noted) 



SYMBOL 


PARAMETER 


CONDITIONS 


TMM2732DI 


TMM2732DI-2 


UNIT 


MIN 


MAX 


MIN 


MAX 


^ACC 


Address Access Time 


CE = OE = V,L 


- 


350 


- 


250 


ns 


tCE 


CE to Output Valid 


OE=V,L 


- 


350 


- 


250 


ns 


IdE 


OE to Output Valid 


CE=V|L 


- 


120 


- 


100 


ns 


tDFi 


CE to Output in High-Z 


OE=V|L,CE=V,H 


. o_ J 


100 





90 


ns 


tDF2 


OE to Output in High-Z 


CE = V|L,OE = V,H 





100 





90 


ns 


tOH 


Output Data Hold Time 


|CE = OE = V,L 





- 





- 


ns 



A.C. TEST CONDITIONS 

Output Load 1TTL Gate and Cl (100 pF) 

Input Pulse Rise and Fall Times ^ 20 ns 

Input Pulse Levels 8 ~ 2 2V 

Timing Measurement Reference Level Inputs IV and 2V 

Outputs 8V and 2V 

CAPACITANCE * (Ta = 25** C, f - 1JVIH4 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


CjNI 


Input Capacitance Except OE/Vpp 


V|N = 0V 


- 


- 


, 6 


pF 


C|N2 


Input Capacitance (OE/Vpp) 


V,N-0V 


~ 


- 


20 


pF 


CoUT 


Output Capacitance 


VoUT^OV 




- 


12 


pF 



^ This parameter is periodically sampled and is not 100% tested 



TIMINO WAVEFORMS (READ) 



K 




X 










tOH 










tCE 
















A 








^§^ 


% 


% 


b 


///////^ 


v:m 






















tOE 








tDFI 




^ 


m 


^ 


. 


/a 


ff 


m 


m 


Va 


WA 

///// 


'm, 










tDF2 


\ H,gh 1 






^ACC 






k 


//a 




H.H,„p,a.„=e ^^^7^^ 


Data Outputs 


mpedance 


'<Z:2Z/^- 


/ 
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PROGRAM OPERATION 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


V,H 


Input High Voltage 


22 


- 


Vcc + 1 


V 


V|L 


Input Low Voltage 


-03 


_ 


08 


V 


Vcc 


Vcc Supply Voltage 


4 75 


5.0 


5 25 


V 


Vpp 


Progrann Input Voltage 


24 


25 


26 


V 



(Ta = 25 ± 5°C, Vcc = 5V ± 5%, Vpp = 25V ±1 V) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Ili 


Input Current 


ViN = ~ 5 25V 


- 


- 


±10 


HA 


VoH 


Output High Voltage 


loH =-400fiA 


24 


- 


- 


V 


Vol 


Output Low Voltage 


l0L=2 1 mA 


- 


- 


04 


V 


Ice 


Vcc Supply Current 


- 


- 


- 


150 


mA 


Ipp 


Vpp Supply Current 


CE =V,L OE = Vpp 


- 


- 


30 


mA 



(Ta = 25 ± 5°C, Vcc = 5V ± 5%, Vpp = 25 ± 1 V) 



SYMBOL 


PARAMETER 


MIN 


TYP. 


MAX 


UNIT 


tAS 


Address Set Up Time 


2 


- 


- 


MS 


tOES 


OE Set Up Time 


2 


- 


- 


jUS 


tDS 


Data Set Up Time 


2 


- 


- 


MS 


(DtAH 


Address Hold Time 





- 


- 


MS 


tOEH 


OE Hold Time 


2 


- 


- 


MS 


^DH 


Data Hold Time 


2 


- 


- 


MS 


tDF 


CE to Output in High-Z 


- 


_ 


100 


ns 


tCE 


CE to Output Valid 


- 


- 


350 


ns 


tpw 


Program Pulse Width 


45 


50 


55 


ms 


tPRT 


Vpp Pulse Rise Time 


50 


- 


- 


ns 


tVR 


Vpp Recovery Time 


2 


- 


- 


MS 



Note (1) tAH (Program Operation 1) = ms mm 
tAH (Program Operation 2) = 2 ms mm 
Refer to Timing Waveforms 

• Input Pulse Rise and Fall Tinnes 

• Input Pulse Levels 

• Timing Measurennent Reference Level — Inputs . 

Outputs 



^ 20 ns 

8 ~ 2 2V 
1V&2V 
0.8V & 2 OV 
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Program Operation 1 



X 



PROGRAM MODE 



ADDRESS N 



V|L- 



< 



/ 



% 



> 



J 



\ 



x 



> 



Program Operation 2 (OE/Vpp = Vpp) 



><: 



ADDRESS N 



■< 



"\. 



,/ 



X 



DATA IN (ADDRESS N) 



> 



NOTE 1 . Vcc n^ust be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Sometimes removing the device from socket and setting the device in socket under the condition 
Vpp = 25V ± 1 V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 26V for program operation, so the voltage over 26V 
should not be applied to the Vpp input. When the switching pulse voltage is applied to the Vpp 
input, the over-shoot voltage of its pulse should not be exceeded 26V. 

ERASURE CHARACTERrSTICS 

The TMM2732Drs erasure is achieved by applying shortwave ultraviolet light which has a wavelength of 2537A 
(Angstroms) to the chip through the transparent window Then integrated dose (ultraviolet light intensity 
[w/cm^ ] X exposure time [sec ] ) for erasure should be a minimum of 15 [w sec/cm^ ] . 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of 1 cm from the lamp 
surface, the erasure will be achieved within 60 minutes And using commercial lamps whose ultraviolet light 
intensity is a 12000 [piw/cm^] will reduce the exposure time to about 20 minutes (In this case, the integrated 
dose is 12000 [Atw/cm^ ] x (20 x 60) [sec] s 15 [w sec/cm^ ] ) 

The TMM2732Drs erasure begins to occur when exposed to light with wavelength shorter than 4000 A The 
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sunlight and the fluorescent lamps will include 3000 ~ 4000A wavelength connponents Therefore when used 
under such lighting for extended periods of tinne, the opaque seals — Toshiba EPROM Protect Seal AC901 — 
are available 



The TMM2732Drs six operation modes are listed in the following table Mode selection can be achieved by 
applying TTL level signal to all inputs except for OE/Vpp In the read operation mode, a signal 5-volt power 
supply IS required and the levels required for all inputs are TTL 
In the program operation mode the OE/Vpp is pulsed from a TTL level to 25V 



MODE 


PINS (NO) 


CE (18) 


OE/Vpp (20) 


Vcc (24) 


Oo -0, (9-11,13-17) 


READ 
OPERATION 


READ 


V|L 


V.L 


+5V 


DATA OUTPUT 


OUTPUT DESELECT 


♦ 


V|H 


+5V 


HIGH IMPEDANCE 


STANDBY 


V|H 


» 


+5V 


HIGH IMPEDANCE 


PROGRAM 
OPERATION 


PROGRAM 


V|L 


Vpp 


+5V 


DATA INPUT 


PROGRAM VERIFY 


V|L 


V|L 


+5V 


DATA OUTPUT 


PROGRAM INHIBIT 


V|H 


Vpp 


+5V 


HIGH IMPEDANCE 



mmmmm 

The TMM2732DI has two control functions Chip Enable (CE) controls the operation power and should be 
used for device selection. Output Enable (OE) controls the output buffers, independent of device selection 

Assuming that CE = OE = V|l, the output data is valid at the outputs within address access time (350 ns max.) 
after stabilizing of the addresses. 

The CE to output valid (tcE) is equal to the address access time 

Assuming that CE = V|l and addresses are stable, the output data is valid at the outputs within toE (120 ns 
max ) after the falling edge of OE. 



Assuming that OE = V|h or CE = V|h, the outputs will be in a high_ impedance state So two or more 
TMM2732Dlscan be connected together on a common bus line When CE is decoded for device selection, all 
deselected devices are in low power standby mode 
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STAmOSY MODE 

The TMM2732DI has a low power standby mode controlled by CE signal By applying a TTL high level signal 
to the CE input, theTMM2732DI is placed in the standby mode which reduce the operating current from 150 mA 
to 30mA, and then the outputs are in a high impedance state, independent of the OE input 



Initially, when received by customers, all bits of the TMM2732DI are in the "1" state which is erased state 
Therefore the program operation is to introduce "Os" data into the desired bit locations by electrically program- 
ming The TMM2732DI is set up in the program operation mode when applied the program input voltage (+25V) 
to the OE/Vpp input under CE = V|h 

Then programming is achieved by applying a 50 ms active low TTL program pulse to the CE input after the 
addresses and data are stable This program pulse should be a single pulse with 50 ms pulse width per address 
word, and its maximum value is 55 ms The levels required for the address and data inputs are TTL The 
TMM2732DI can be programmed at any time individually, sequentially, or at random The TMM2732DI must not 
be programmed with a DC signal applied to the CE input 



PROOBAM VERIFY fi/IODE 

The verify mode is to check that the desired data is correctly programmed on the programmed bits The verify 
IS accomplished with OE/Vpp and CE at V|l Data should be verified within tcE (350 ns max ) after the falling 
edge of CE 



PROGRAM INHIBIT MODI _ 

Under the condition that the program input voltage (+25V) is applied to the OE/Vpp input, a TTL high level 
CE input inhibits the TMIVI2732DI from being programmed 

Programming of two or more TMM2732DI s in parallel with different data is easily accomplished That is, all 
inputs except for CE are commonly connected, and the program pulse is applied to the CE input of the desired 
device only and the TTL high level signal is applied to the other devices 
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~f,'li'. 




Note: 1. Each Irad pitch is 2.54 mm All leads are located within 0.25 mm of their true lortgitudmal position with respect to No. 1 
and No. 24 laads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 



tote: Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses ara implied, and ToshilM reserves the 

right, at any time without notice, to change said circuiti^y. 
DOct.., 1981 Toshiba Corporation 
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B TOSHIBA MOS MEMORY PRODUCTS 



8,192 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 

N-CHANNEL SILICON STACKED GATE MOS 



TMM2764D 
TMM2764D-2 



The TMM2764D is a 8192 word x 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory. For read operation, the TMM2764D's access 
time is 200 ns, and the TMM2764D operates from a 
single 5-volt power supply and has low power stand- 
by mode which reduces the power dissipation with- 
out increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the 
CE input. The maximum active current is 120mA 



250 ns 
200 ns 



► Single 5-volt power supply 

► Fast access time . TMM2764D 

TMM2764D-2 
» Power dissipation 

120 mA (active current) Max. 
35 mA (standby current) Max. 
» Low power standby mode : CE 

PIN QOHNBCrim 



and the maximum standby current is 35mA. 

For program operation, the programming is achiev- 
ed by applying a 50ms active TTL low program pulse 
to the PGM input,_and it is possible to program 
sequentially individually., or at random. 

The TMM2764D is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 28 pin dual in line cerdip 
package. 

• Output buffer control . OE 

• Fully static operation 

• Programs with one 50 ms pulse 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i2764 and ROM TMM2364P 




TMM2732D 
(TOP VIEW) 



24 3 Vcc 
23 3 As 
223A9 
21 3A„ 
20 3 Ol/Vpp 
19 3A10 
18DCE 
I7DO7 

leDOg 
15D05 
14304 
13303 



PGMo 



I 

A?oo 
A110 
A120 



Vpp GND Vcc 

t ? t 



UE CE and PGM 
Circuit 



O0O1O2O3O4O5O6O7 

f nnrrf 



-*| Output Buffers 

T 



Address 
Buffers 


5 
-V* 

8 


Column 
Decoder 


32 
256 


Column I/O 
Circuit 






^ 


Row 
Decoder 


Memory Cell 

Array 
8192x8 bits 



ii^^ 



'■mm^mM^^' 



Ao~Ai2 


Address Inputs 


Oo-O, 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


PGM 


Program Control Input 


N.C 


No Connection 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage (+5V) 


GND 


Ground 





PGM 
(27) 


c-5 

(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 

(28) 


Oo~07 

(11~13, 15.-19) 


Power 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


. 


H 


5V 


High 
1 mpedance 


Standby 


• 


H 


* 


5V 


High 
Impedance 


Standby 


Program 


L 


L 


* 


21V 


5V 


Data in 


Active 


Program 
Inhibit 


* 


H 


* 


5V 


High 
1 mpedance 


H 


L 


H 


5V 


High 
Impedance 


Program Verify 


H 


L 


^ 


5V 


Data Out 
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SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6 - 7.0 


V 


Vpp 


Program Supply Voltage 


-0 6 - 22.0 


V 


V|N 


Input Voltage 


-06-70 


V 


VOUT 


Output Voltage 


-0.6 - 7.0 


V 


Pd 


Power Dissipation 


1.5 


W 


TSOLDER 


Sobering Tennperature Tinne 


260 10 


°C sec 


TSTRG 


Storage Temperature 


-65 - 125 
0-70 


°C 


ToPR 


Operating Temperature 


' '°c 



READ OPERATION 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 

Vcc + 1.0 


UNIT 


V,H 


Input High Voltage 


2.0 


- 


V 


V|L 
Vcc 
Vpp 


Input Low Voltage 


-0 3 


_~" 


08 


V 


Vcc Power Supply Voltage 
Vpp Power Supply Voltage 


4.75 
2.0 


5.25 


V 


Vcc 


Vcc + 6 


V 



P.C. i^ OPiRATJiyjC^^^MAflACTiRiSf ICS 



(Ta = - 70°C, Vcc = 5V ± 5% Unless otherwise noted) 



SYMBOL 


PARAMETER 


- 


CONDITIONS 
V|N=0"-Vcc 
CE = V,H 


MIN. 


TYP 


MAX 


UNIT 


Ili 
icci 


Input Current 

Supply Current (Standby) 


±10 


^A 


35 


mA 


ICC2 
VOH 

Vol 


Supply Current (Active) 


CE=V,L 


'2.4 




120 


mA 


Output High Voltage 
Output Low Voltage 
Vpp Current 


;' loH = -400mA 
l0L= 2.1mA 


- 


V 


— 


- 


04 


V 


1 Ippi 


-] 


Vpp = - Vcc + 6 


- 


±10 


txA 

ma 


Ilo 


Output Leakage Current 


VouT=0.4-Vcc 




±10 
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,A#iirtiiiii<3lli|t^tf^' 



Ta = - IQ^C. Vcc = 5V ± 5%, Vpp = 2 OV ~ 


Vcc + 6V, Unless otherwise noted) 










SYMBOL 


PARAMETER 


CONDITIONS 


TMM2764D-2 


TMM2764D 


UNIT 


MIN 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


CE = OE=V,L,PGM = V|H 


- 


200 


- 


250 


ns 


tCE 


CE to Output Valid 


OE = V,L,PGM=V|H 


- 


200 


- 


250 


ns 


tOE 


QE to Output Valid 


CE = V,L PGM=V,H 


- 


70 


- 


100 


ns 


tPGM 


PGM to Output Valid 


OE = CE=V,L 


- 


70 


- 


100 


ns 


tDFi 


CE to Output in High-Z 


aE=V|L,PGlVi=V|H 





60 





90 


ns 


tDF2 


OE to Output in High-Z 


CE = V,l.PGM=V,h 





60 





90 


ns 


tDF3 


PGM to Output in High-Z 


aE = CE = V,L 





60 





90 


ns 


tOH 


Output Data Hold Time 


CE=OE= V,L,PGM = V|H 





- 


- 


- 


ns 



Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

Timing Measurement Reference Level 



1 TTL Gate and Cl = lOOpF 

10ns Max. 

0.8V to 2 2V 

Inputs IV and 2V, Outputs 0.8V and 2.0V 



cmx^np^mn MTa=25°c, 


f=1MHz) 












SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


V,N=OV 


- 


4 


6 


pF 


Qdut 


Output Capacitance 


VouT = OV 


~ 


8 


12 


pF 



This parameter is periodically sampled and is not 100% tested. 



TpMWAVtmflM^ (HEAD} 



"Zx: 



» M^: 



X 



;Z '/////////m 



A'SMMM 



^^^^ 
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PROGRAM OPERATION 

D.a RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V,H 


Input High Voltage 


2.0 


- 


Vcc + 1.0 


V 


V|L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.0 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


20.5 


21.0 


21.5 


V 



(Ta = 25 ± 5*0, Vcc = 5V ± 5%, Vpp = 21 V ± 0.5V) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


V|N=0~Vcc 


- 




±10 


ma 


VoH 


Output High Voltage 


loH = -400 mA 


2.4 




- 


V 


Vol 


Output Low Voltage 


Iql = 2.1mA 


_ 


- 


0.4 


V 


Ice 


Vcc Supply Current 


- 


~ 


- 


120 


mA 


IPP2 


Vpp Supply Current 


Vpp = 21.5V 




- 


30 


mA 



^^^ 


^y^ilNf :#IA||^?|ll|Sf^', (Ta = 25± 5°C, Vcc = 5V± 5%, 


Vpp=21V± 


5V) 




SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


Typ 


MAX 


UNIT 


tAS 


Address Setup Time 




2 


- 


- 


MS 


tAH 


Address Hold Time 


- 


2 


- 


- 


jUS 


tCES 


CE Setup Time 


- 


2 


- 


- 


MS 


tCEH 


CE Hold Time 


- 


2 


- 


- 


MS 


tDS 


Data Setup Time 


- 


2 


- 


- 


MS 


tOH 


Data Hold Time 


- 


2 


- 


- 


MS 


tps 


P^ Setup Time 


- 


2 


- 


- 


MS 


tPH 


R^ Hold Time 


- 


2 


- 


- 


MS 


tOES 


UE Setup Time 


- 


2 


- ' 


- 


MS 


tvs 


Vpp Setup Time 


- 


2 


- 


- 


MS 


tpw 


Program Pulse Width 


PGM = CE =V,L 


45 


50 


55 


ms 


tCP 


Program Recovery Time 


- 





- 


- 


MS 


tpRT 


Program Pulse Rise Time 




5 


- 


- 


ns 


tPFT 


Program Pulse Fall Time 


— 


5 


- 


- 


ns 


tCE 


CE to Output Valid 


- 


- 


- 


250 


ns 


tOE 


DE to Output Valid 


- 


- 


- 


100 


ns 


tDFl 


CEto Output in High Z 


OE = V,L 


- 


- 


90 


ns 


tDF2 


DEto Output in High Z 


CF=V,L 


- 


- 


90 


ns 



Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

Tinning Measurement Reference Level 



1TTL Gate and Cl (100 pF) 

10ns Max 

8- 2 2V 

Input IV and 2V Output 0.8V and 2.0V 
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PROGRAM OPERATION 1. (Vpp = 21V ± 0.5V) 



X 



^^^ 



7 



O0~O7 UNKNOWN 



X. 



wnm 



^x=^' 



X 



> 



tWUML 



Z- 



^" Dout Valid \ 



PROGRAM OPERATION 2. (Vpp = 21V ± 0.5V) 



X 



^. r 



- ii, 



"\r 



< 



^: 



T> AH 

r* * tDFi 



yf= 



> 



■^: 



> 



Note. 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp, 

2. Removing the device from socket and setting the device in socket with Vpp •^ 21 V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be applied to the Vpp 
terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the over-shoot voltage of its pulse should not be exceeded 22V. 
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The TMM2764D's erasure is achieved by applying 
shortwave ultraviolet light which has a wavelength of 
2537A (Angstroms) to the chip through the trans- 
parent window. Then integrated dose (Ultraviolet 
light intensity [w/cm^] x exposure time [sec.]) for 
erasure should be a minimum of 15 [W sec/cm^]. 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 
ultraviolet light intensity is a 12000 [juw/cm*] will 



reduce the exposure time to about 20 minutes. (Ir 
this case, the integrated does is 12000 [juw/cm^] 
X (20 X 60) [sec] s? 15 [w. sec/cm^ ] .) 

The TMM2764D's erasure begins to occur wher 
exposed to light with wavelength shorter than 400C 
A. The sunlight and ^the fluorescent lamps will 
include 3000 ~ 4000 A wavelength components, 
Therefore when used under such lighting for extend- 
ed periods of time, the opaque seals - Toshiba 
EPROM Protect Seal AC901 - are available. 



The TMM2764D'ssix operation modes are listed in 
the following table Mode selection can be achieved 
by applying TTL level signal to all inputs. In the read 



operation mode, a single 5V power supply is required 
and the levels required for all inputs are TTL. 





PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28)_J 


Oo-O, 
{11~13,15~19) 


Power 


READ 
OPERATION 
(Ta = ~ 70°C) 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


« 


♦ 


H 


High Impedance 


Active 


Standby 


♦ 


H 


* 


High Impedance 


Standby 


PROGRAM 
OPERATION 
(Ta = 25±5°C) 


Program 


L 


L 


* 


21V 


5V 


Data In 


Active 


Program 




H 


* 


High Impedance 


Active 


Inhibit 


H 


L 


H 


High Impedance 


Active 


Program Verify 


H 


L 


L 


Data Out 


Active 



Note H, V|H, U V|L, *,V|H or V|l 



:j|||»|iQ0f 

The TMM2764D has three control functions. The 
chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE = Vjl and PGM = V|h , the 
output data is valid at the outputs after address access 
time from stabilizing of all addresses. 



The CE to output valid (tCE ) is equal to the address 
access time (tACc)- 

Assuming that CE = V|l, PGM = V|h and all ad- 
dresses are valid, the output data is valid at the out- 
puts after toE from the falling edge of OE. 

And assuming that CE = OE = Vjl and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 
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DUWUT DESEtiCT MODE 



Assuming that CE = Vm or OE = V|h , the outputs 
'ill be in a high innpedance state. So two or more 
MM2764D can be connected together on a common 



bus line. When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 



STANPBYWOOi 

The TMM2764D has a low power standby mode 
ontrolled by the CE signal By applying a TTL high 
;vel to the CE input, the TMM2764D is placed in the 
tandby mode which reduce the operating current 



from 120mA to 35mA, and then the outputs are in a 
high impedance state, independent of the OE and the 
PGM inputs. 



Initially, when received by customers, all bits of 
he TMM2764D are in the "1" state which is erased 
tate. 

Therefore the program operation is to introduce 
'Os" data into the desired bit locations by electrically 
)rogramming. 

The TMM2764D is set up in the program operation 
node when applied the pro gram voltage (+21 V) to 
he Vpp terminal under CE = PGM = OE = V|h 

The program operation occurs during the overlap 
Df the CE low and the PGM low Then the program- 
ming IS achieved by applying a 50ms (tpw) active low 



The verify mode is to check that the desired data is 
:orrectly programmed on the programmed bits. 



program pulse to the CE or the PGM input after the 
addresses and data are stable 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maximum 
value IS 55ms 

The levels required for all inputs are TTL 

The TMM2764D can be programmed any location 
at anytime — either individually, sequentially, or at 
random 

The TMM2764D should not be programmed with 
D C. signal applied to both CE and PGM inputs. 



The verify is accomplished with OE and CE at V||_ 
and PGM at V|h. 



I 



Under the condition that the program voltage 
(+21 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764D from being pro- 
grammed. Programming of two or more TMM2764Ds 
in parallel with different data is easily accomplished. 



That is, all inputs except for CE or PGM may be 
commonly connected, and a TT L low level program 
pulse is applied to the CE and PGM , of the desired 
device only and TTL high level signal is applied to the 
other devices. 
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OUTLINE DRAWINGS 




i } i l}i » }i i [j I-} J '{j t{i ' ! >' } > ^ j ' lLj I L i ^ j f ^{ ' ~ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 




--iLo^iS;;? 1 



Not*: 1. Each laad pitch i« 2.54mm. All l*ad« ara locatad within 0.25mm Qf thair trua longitudinal position with ratpact No. 1 and No. 28 laadt. 

2. This valua is maasurad at tha and of laads. 

3. All dimansiont ara In mllllmatars. 



Not* Toshiba does not a$«ume anv responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry 
©Nov.. 1981 Toshiba Corporation 
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Mask Programmable Read Only Memories 



I 
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■ TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD X 8 BIT MASK ROM 

N CHANNEL SILICON GATE DEPLETION LOAD 



TMM334P 



DESCRIPTION 

TMM334P IS a 16,384 bits read only memory 
organized as 2048 words by 8 bits and is compatible 
with 12716 type (16K EPROM). It is suitable for use 
in programming of production apparatus used micro 
processor because of its low cost per bit. 

TMM334P's mask making is carried out by com- 
puter using punched paper tape data of customer and 
then sample manufacturing will start Then for cus- 
tomer, 16384 bits memory data and three chip select 
input active logic are programmable. 

Therefore TMM334P manufacturing procedure 
goes through three steps before mass production 
First step is a acceptance of customer's punched 

FEATURiS 

• Single 5V supply voltage, Vcc = 5V± 10% 

• Access time, tACC= 450 ns (Max) 

• Directly TTL compatible. All inputs and outputs 

• Programmable chip select inputs, CS1 , CS2, CS3 Easy memory expansion 

• Three state output, OR tie capability 

• Static operation. No clocks are required 

• Input protected, All inputs have protection against static charge 

• Pin to pm compatible, TMM323C, i2316E, i2716 

mu mnmcimn 



paper tape data. Second step is a presentation of 
programmed sample (Engineering Sample) for cus- 
tomers. Third step is a verification of Engineering 
Sample by customers Sample verification is most 
important and Toshiba will enter into mass produc- 
tion after above three steps are concluded. Then 
Toshiba will adopt a established on-line system and so 
can respond to a customer's needs quickly and can 
maintain a stable delivery. 

TMM334P IS fabricated v^ith ion implanted N- 
channel silicon gate technology. This technology 
allows a production of high performance TMM334P 
IS moulded in a 24 pm standard plastic package 



(TOP VIEW) 



A7C 1 
A6C2 
AsC3 
A4C4 
A3C 5 
A2C 6 
AlC7 
AoC 8 
Do [9 
D1C1O 
D2CII 
GNDC12 



iLC^KPIAmAM 



24 3 Vcc 

23]A8 

22DA9 

21 3CS3/CS3 

20 3cSi/CSi 

I93A10 

18 3CS2/CS2 

17 3D7 

16 3D6 

153DS 

14 3D4 

13 3P3 



CSi^CSi « 

CS2/CS2 < 
csa/cia ^ 



muummB 



Ao-Ae 


Row address inputs 


A7~Aio 


Column address inputs 


Do-D, 


Data outputs 


CSi/CSi ~CS3/CS3 


Chip select inputs 


VCC 


Vcc Power Supply Voltage 


GND 


Ground 



Output buffer 



I 



Column decoder 



Memory cell array 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Power supply voltage 


-0.5 ~ 7 


V 


VIN.VOUT 


Input and output voltage 


-0.5 ~ 7.0 


V 


Topr 


Operating tennperature 


0-70 


°C 


"■"stg 


Storage temperature 


-55 ~ 150 


°C 


TSOLDER 


Soldering tennperature tinne 


260 • 10 


°C sec 


Pd 


Power Dissipation (Ta = 70°C) 


10 


W 



f^^^m^- 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP 


MAX. 


UNIT 


V|H 


Input high voltage 


- 


20 


- 


Vcc + 1 


V 


ViL 


Input low voltage 


- 


-0 5 


- 


0.8 


V 


Vcc 


Power supply voltage 


- 


45 


- 


55 


V 



''^^^0mm^.m-^0mimmmm-.m * m^^'mm-' 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP 


MAX. 


UNIT 


llH 


Input high current 


'ViN =Vcc 


- 


0.01 


10 


AiA 


IlL 


Input low current 


ViN =GND 


- 


-0.01 


-10 


mA 


VOH 


Output high voltage 


ISOURCE = -0 4mA 


2.4 


3.0 




V 


Vol 


Output low voltage 


ISINK =2. 1mA 




0.2 


04 


V 


lOH 


Output high current 


VoUT =2.4V 


-0 4 


-3.0 


- 


mA 


lOL 


Output low current 


VouT=0.4V 


2.1 


5.0 


- 


mA 


ILO 


Output leakage current 


C^ = 0.8V, ^5"= 2.0V 
VoUT = 0.4V to Vcc 


- 


±0.01 


±10 


HA 


Ice 


Supply current 


loUT =OmA 


- 


40 


80 


mA 



*Ta=25°C. Vcc=5V 



'''^mmi&mmm-^n'^€P^w^ycii -svtiot^'A •-fl*^- ^^^Nf^f^mM 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP.* 


MAX 


UNIT 


tACC 


Access time 


tAC ^ 100ns 


_ 


270 


450 


ns 


tco 


Output delay time from chip select 


tAC ^ tACC 


- 


80 


120 


ns 


too 


Output deselect time 


RL = ioon 





70 


100 


ns 


tRC 


Read cycle time 




450 


- 


"" 


ns 



»Ta = 25''C, Vcc=5V 



tmm^:M**^^'W^$^m^^ 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


CIN 


Input capacitance 


ViN =A. C. GND 


- 


4 


10 


pF 


COUT 


Output capacitance 


VoUT=A. C. GND 


- 


8 


15 


PF 



Note. This parameter is periodically sampled and is not 100% tested. 



- 212- 



MING WAV 






■^^0 

y^^ 



CS /CS CHIP DISABLE 



x: 



CHIP ENABLE 






CHIP DISABLE 



H IMPEDANCE 



DATA VALID \— 

08V OlV-i-j t 



nched paper tape data must be a positive logic and use a 7 to 8 bit ASCII code, 
rmat 1 (including Data and Check sum every word). 



NULL 
▼ TMM334P - XXXX ▼ 

CR LF 

▼ MSB - D7 ▼ 

CR LF 

N8; 

CR LF 
RuuuO; X07P3; ; XF1 PS; 



R2040; X01P1 ; . . . ; X3AP4; 



CR LF 



(CSi-O) 
CR LF 

(CS2 -1) 
CR LF 

(CS3 - 0) 

CR LF 

$ 
CR LF 
NULL 



Take NULL more than fifty characters. 

Contents in single quotation mark {^. . 7) indicates a comment and XXXX is a user's 

number. 

CR and LF indicate carriage return and line feed respectively. 

Specify MSB pin. (D7 or Do) 



N8 indicates a 8-bit mask pattern. 

Semicolon ( ; ) indicates a punctuation of data. 



R indicates an absolute address. Enter the address by decimal code every eight 
words. 

X indicates hexadecimal code. So enter the data represented by hexadecimal code 
every word after X. 

P indicates a check sum of its word. So enter a sum of one's number in a word by 
decimal code after P. 

Data modification: Enter the modified address before the End mark and then enter 
the data following above procedure independently or serialy. Modification can be 
allowed from address to 2047 address. 



Customers can program the active logic of three chip select inputs independently. 
Specify the active logic of chip select input in the brackets. 

The example is shown in Figure. In this example, chip is active under the condition 
that CSl = '0' and CS2 = '1 ' and CSS = '0'. 



$ Indicates an End mark . 

Take NULL more then fifty characters. 
- 213- 



^'f!-^r^r-?fj^?,;'li;|:^^!<^#^i^" 



\frff^k!kt^Hi'^"^i^:^MfmM^mm^^ 



C'R'T-'S 



Format 2 (including Data only every word) 



NULL 

^TMM334P - XXXX^ 

CR LF 

▼ MSB - O7 ▼ 

CR LF 

N8; 

CR LF 

RuuuO, X075A . . 3BF1; 

CR LF 



R2032 


• XBCAE . . . 0085 




CR 


LF 




(CS, 


= 0) 




CR 


LF 




(CS2 


-0) 




CR 


LF 




(CS3 


-0) 




CR 


LF 




$ 






CR 


LF 




NULL ^__^ 



R indicates an absolute address. Enter the address by decimal code every sixtet 
words. 

X indicates a hexadecimal code and so enter the data of sixteen words continuous 
after X. 

Data modification. This procedure is following to Format 1 . Otherwise specified 
Format 1 . 



Format 1 and Format- 2 ara Toshiba praferred Format. 
Tha othar accaptable Format Is Intal BNPF Format. 



~*^^P f^^WR^^R^wP^^WWr" 





24 23 22 21 2019 


18 17 16 15 14 13 




1 






: i 

CM 
1 ^ 


R1.5 ^ 

1 


f 













1 2 3 4 5 6 7 8 9 10 11 12 



Nota: Each laad pitch is 2.54 mm. All laads ara located within 
0.25 mm of thair trua longitudinal position with respect 
to No. 1 and No. 24 laads 
All dimensions are in millimeters 




Note: Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses ere implied, and Toshiba reserve 

the right, at any time without notice, to change said circuitry. 
©Mar , 1980 Toshiba Corporation 
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■ TOSHIBA MOS MEMORY PRODUCTS 



196 WORD X 8 BIT MASK ROM 

CHANNEL SILICON GATE DEPLETION LOAD 



TMM333P 



PESCRIPTiON 

The TMM333P is a 32,768 bits read only memory 
-ganized as 4,096 words by 8 bits. It is suitable for 
>e in programming of production apparatus used 
iicro processor because of its low cost per bit 

The TMM333P's mask making is carried out by 
Dmputer using punched paper tape data of customer 
id then sample manufacturing will start Then for 
jstomer, 32,768 bits memory data and two chip 
3lect input active logic are programmable 

Therefore the TMM333P manufacturing procedure 
Des through three steps before mass production 
irst step IS a acceptance of customer's punched 
aper tape data Second step is a presentation of 

FEATURES 

Single 5V supply voltage, Vcc = 5V± 5% 

Access time, tACC = 450 ns (Max ) 

Directly TTL compatible. All inputs and outputs 

Programmable chip select inputs, CS1 , CS2, Easy memory expansion 

Three state outputs, OR tie capability 

Static operation, No clocks are required 

Input protected. All inputs have protection against static charge 

Pm to pin compatible, TMS4732 

Pm CONNECTION 



programmed sample (Engineering Sample) for cus- 
tomers Third step is a verification of Engineering 
Sample by customers. Sample verification is most 
important and Toshiba will enter into mass produc- 
tion after above three steps are concluded. Then 
Toshiba will adopt a established on-line system and so 
can respond to a customer's needs quickly and can 
maintain a stable delivery 

The TMM333P is fabricated with ion implanted N- 
channel silicon gate technology This technology 
allows a production of high performance TheTMM 
333P IS moulded in a 24 pin standard plastic package 



(TOP VIEW) 




BLOCK DIAGRAM 



CSi/cSi 

CS2/CS2 



PIN NAMES 



Ao-As 


Row address inputs 


A7~ An 


Column address inputs 


Do~D, 


Data outputs 


CSi/CSiiCSj/CSj 


Chip select inputs 


VCC 


Power supply terminal 


GND 


Ground 







128 


JS X 32 


^ 


1 
1 


Memory cell grray 
128 X 256 





I 
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#^iMMM HATifms 



SYMBOL 


ITEM 


RATING 


UNIT i 


vcc 


Power supply voltage 


-0.5 ~ 7 


V 


VIN.VOUT 


Input and output voltage 


-0.5-7.0 


V 


Topr 


Operating temperature 


0-70 


°C 


Tstg 


Storage temperature 


-55 ~ 150 


°C 


TSOLDER 


Soldering temperature • time 


260 . 10 


"C sec 1 


pd 


Power Dissipation (Ta = 70*C) 


1 


W 



^^^^m^^mi^wm- 












SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP 


MAX. 


UNIT 


V|H 


Input high voltage 


- 


2.0 


- 


Vcc + 1 


V 


ViL 


Input low voltage 


- 


-0.5 


- 


0.8 


V 


Vcc 


Power supply voltage 


- 


4.75 


50 


5.25 


V 



|j^|j|ferirtftrii^lill#w. W'^Vf^B^ 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


llH 


Input high current 


ViN =Vcc 


- 


0.01 


10 


fxA 


IlL 


Input low current 


ViN =GND 


- 


-0.01 


-10 


ma 


VoH 


Output high voltage 


ISOURCE =-0 4mA 


2.4 


3.0 


- 


V 


Vol 


Output low voltage 


ISINK =2. 1mA 


- 


0.2 


0.4 


V 


lOH 


Output high current 


VouT =2.4V 


-0.4 


-3.0 


- 


mA 


lOL 


Output low current 


VouT =0.4V 


2.1 


5.0 


- 


mA 


ILO 


Output leakage current 


CS = 0.8V, CS'= 2.0V 
VouT = 0.4V to Vcc 


- 


±0.01 


±10 


MA 


Ice 


Supply current 


louT =OmA 


- 


60 


100 


mA 



*Ta=25*'C, Vcc=5V 



'MMmm^mm^M^0i%^^^^ 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP.* 


MAX. 


UNIT 


tACC 


Access time 


tAC ^ 100ns 


- 


300 


450 


ns 


tco 


Output delay time from chip select 


tAC ^ tACC 


- 


120 


200 


ns 


tOD 


Output deselect time 


- 





100 


150 


ns 


tRC 


Read cycle time 


- 


450 


- 


- 


ns 



* Ta = 25*'C. Vcc = 5V 



CE (Ta« 



WMW^. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


CiN 


Input capacitance 


ViN =A. C. GND 


- 


4 


10 


PF 


COUT 


Output capacitance 


VouT=A.C.GND 


" 


8 


15 


PF 



Note. This parameter is periodically sampled and is not 100% tested. 
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mms^wfrnim^^^ 



-:zx: 



CS /CS CHIP DISABLE 



x: 



IMPEDANCE 



>: 



x: 



CTOV OlV-j-ir 

DATA VALID V 



IMPEDANCE 



nched paper tape data must be a positive logic and use a 7 to 8 bit ASCII code 
»rmat 1 (including Data and Check sum every word). 



NULL 
^TMM333P-XXXX ^ 



▼ MSB = D7 ^ 
CR LF 



CR LF 
RuuuO, X07P3,. ,XF1P5, 



R4088,X01P1, ,X3AP4, 



(CSi =0) 
CR LF 

(CS2 = 1 ) 
CR LF 



CR LF 
NULL 



Take NULL more than fifty characters 

Contents in single quotation mark (^. . ^) indicates a comment and XXXX is a user's 

number. 

CR and LF indicate carriage return and line feed respectively. 

Specify MSB pin. (D, or Do) 



N8 indicates a 8-bit mask pattern 

Semicolon ( , ) indicates a punctuation of data 



R indicates an absolute address Enter the address by decimal code every eight 
words 

X indicates hexadecimal code So enter the data represented by hexadecimal code 
every word after X. 

P indicates a check sum of its word So enter a sum of one's number in a word by 
decimal code after P 

Data modification. Enter the modified address before the End mark and t'hen enter 
the data following above procedure independently or serialy Modification can be 
allowed from address to 4095 address 



Customers can program the active logic of two chip select inputs independently 
Specify the active logic of chip select input in the brackets 

The example is shown in Figure. In this example, chip is active under the condition 
that CSI = 'O'and CS2 = '1' 



$ Indicates an End mark . 



Take NULL more then fifty characters 
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' qpTOSNllMS^ 



Format 2 (including Data only every word) 



NULL 

f TMM333P-XXXX^ 

CR LF 

▼ MSB = D7 ^ 

CR LF 

N8; 

CR LF 

RuuuO;X075A . . .3BF1; 

CR LF 

R4080, XBCAE . . 0085, 

CR LF 
(CSi - 0) 

CR LF 
(CS2 = 0) 

CR LF 

$ 
CR LF 
NULL 



R indicates an absolute address. Enter the address by decimal code every sixtt 
words. 

X indicates a hexadecimal code and so enter the data of sixteen words continuoi 
after X. 

Data modification. This procedure is following to Format 1 . Otherwise specifiec 
Format 1. 



Format 1 and Format 2 are Toshiba preferred Format. 
The other acceptable Format is Intel BNPF Format. 



OUTLINE DRAWtNClS 



24 23 22 21 20 19 18 17 16 15 14 13 




rh tti rti r|i iTtjdi. 



rti ttr rti tti rti.Jlx 



lijlijlljllJlillljIlillljLljlijLijLtJ ' 



12 3 4 5 



7 8 9 10 11 12 



Note. Each lead pitch is 2 54 mm. All leads are located withm 
0.25 mm of their true longitudmal position with respect 
to No 1 and No. 24 leads 
All dimensions are in millimeters 





J 


\ 


f\. 


J 




Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserv 

the right, at any time without notice, to change said circuitry 
©Sept.,1980 Toshiba Corporation 
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■ TOSHIBA MOS MEMORY PRODUCTS 



4,096 WORD X 8 BIT MASK ROM 

N-CHANNEL SILICON GATE MOS 



TMM2332P 



OESCRrf»TION 

The TMM2332P is a 32768-bit read only memory 
organized as 4096 words by 8 bits with a low bit 
cost, thus being most suitable for use in programming 
of production apparatus using microprocessor. 
The TMM2332P features an automatic power down 
mode When deselected by Chip Select (CS/CS), 
the device is in low power (IsB^IBmA MAX.) stand- 
by mode. This device feature results m system power 



saving in larger systems, where the majority of de- 
vices are deselected. 

The TMM2332P is fabricated with ion implanted 
N-channel silicon gate technology This technology 
allows a production of high performance. 

The TMM2332P is moulded in a 24-pin standard 
plastic package. 



fiATURES 

• Single 5V-Power Supply 

• Fast Access Time 350ns (MAX.) 

• Low Power Dissipation 

Operating Current = 100mA (MAX.) 
Standby Current = 15mA (MAX.) 

• Power Down Feature CS/CS 

• Programmable Chip Select CS/CS 

• Output Buffer Control OE 

• Easy memory Expansion CS/CS 



Static Operation 

Pin Compatible with 2732 Type EPROM and 

12332 

All Inputs and Outputs" 

Directly TTL Compatible 
Three State Outputs Wired OR Capability. 
Inputs Protected All inputs have protection against 
static charge. 



PIN CONN£CTION 



SLOCK DfAGRAM 



A7C 1 
AeC 2 
AsC 3 
A4E 4 
A3C 5 
A2C 6 
A,C 7 
AoC 8 
DoC 9 
DiC 10 
D2C 11 
GNDC 12 



(TOP VIEW) 



Pm NAMES 



24 D Vcc 
23 3A8 
223A9 
21 DA^, 
20 DOE 
19DAjo 
18 D CS/CS 
I7DD7 
16 3D6 
15 3Ds 
14 ID4 
I33D3 



Ao~A„ 


Address Inputs 


Do~D7 


Data Outputs 


CS/C5 


Chip Select Input 


OE 


Output Enable Input 


Vcc 


Power (-H5V) 


GND 


Ground 



CS/CSo 
Ofo 



A70 
Ago 
A9 o 
Aioo 
Ano 
Ao o 
A, o 
A20 
A3 o 
A4 o 



Control 
Circuit 



Vcc GND DoD,D2D3D4D5D6D7 



i 



Output Buffers 

^ 



Column Decoder 



II 



I 



Memory Cell Array 
(256x128) 
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liMIWM »Af 11^^ 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Supply Voltage 


-0 5-7.0 


V 


V,N 


Input Voltage 


-0 5-7.0 


V 


VOUT 


Output Voltage 


-0.5-7.0 


V 


ToPR 


Operating Temperature 


0-70 


°C 


TsTRG 


Storage Tennperature 


-55-150 


°C 


TSOLDER 


Soldering Temperature* Time 


260 • 10 


'^C-Sec 


Pd 


Power Dissipation (Ta= 70°C) 


1 


W 



P.C. O^iHATM^e OOfiJMTlONS 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


V|H 


Input High Voltage 


20 


- 


Vcc+1 


V 


V|L 


Input Low Voltage 


-0 5 


- 


08 


V 


Vcc 


Power Supply Voltage 


45 


50 


5.5 


V 



D.C, 0HARACTE«IST»C$ (Vcc = 5V±10%, T, = 0- 70°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l|L 


Input Leakage Current 


V|N=0-Vcc 


- 


±0 02 


±10 


ma 


'oh 


Output High Current 


VOH-2 4V 


-0 4 


-2 


- 


mA 


lOL 


Output Low Current 


Vol =0 4V 


20 


40 


- 


mA 


iLO 


Output Leakage Current 


0E = V|H orCS = V|H 
VouT = 4V - Vcc 




±0 05 


±10 


ma 


Ice 


Operating Current 


CS= V|L or CS = V|H 


- 


- 


100 


mA 


ISB 


Standby Current 


CS= V|H or CS = V|L 


- 


- 


15 


mA 



CAI»ACITANCE (Ta = - 70°C, f = IMHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNIT 


C|N 


Input Capacitance 


V|N =0V 


- 


5 


10 


pF 


CoUT 


Output Capacitance 


VouT = OV 




8 


15 


pF 



Note This parameter is periodically sampled and is not 100% tested. 
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A.a CHABAI^TilllST^ {Vcc=5V±10%, T, =0- 70''C) 



; SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


tRC 


Read Cycle Time 


350 


- 


- 


ns 


tACC 


Access Time 


- 


- 


350 


ns 


tco 


Chip Selection to Output Valid 


- 


- 


350 


ns 


too 


OE to Output Valid 


- 


- 


120 


ns 


tODC 


Chip Deselection to Output in High-Z 


- 


- 


100 


ns 


tODO 


OE to Output in High-Z 


- 


- 


100 


ns 


tpu 


Chip Selection to Power Up Time 





- 


- 


ns 


tPD 


Chip Deselection to Power Down Time 


- 


- 


100 


ns 



Input Rise and Fall Times , 20ns 

Timing Measurement Reference Levels , Input ■ 0.8V and 2.0V 

Output 0.8V and 2.0V 
Output Load, 1-TTL Gate and Cl = lOOpF 



4.4 T«^i3 wmminm 




I 



Note: (1) CS and CS waveforms are showrt by dotted line and straight line respectively. 
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''J||tq«whiiba 



Toshiba can accept programming and masking 
information for TMM2332P in the form of punched 
paper tape with Intel BNPF format or master devices 
(EPROM). 



ouTi^^lj^f^ip^: 



24 23 22 212019 18 17 16 15 14 13 




Note. Each lead pitch i* 2.54 mm. All leads are located within 0.25 mm longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 
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TDSIipA Nn^ IfKlfHiliY rawWTS 



64K BIT (8K WORD X 8 BIT) MASK PROGRAMMABLE ROM 

N CHANNEL SILICON GATE 



TMM2364P 



The TMM2364P is a 65536 bit read only memory 
organized as 8192 words by 8 bits with a low bit cost, 
thus being most suitable for use in programming of 
production apparatus using micro-processor 

Consisting of static memory cells and clocked pe- 
ripheral circuitry, the TMI\/I2364P provides a high 
speed and low power dissipation (access time 250ns, 
operating current 40mA) 

The TMM2364P also features an automatic stand- 
by power mode When deselected by Chip Enable 
(CE), the operating current is reduced from 40mA to 



1 5mA Output Enable (OE) is effective in preventing 
data confliction on a common bus line 

The TMM2364P uses the address latch system that 
the falling edge of CE latches all inputs except for 
OE, thus can be easily connected to a system where 
address and data buses are commonly used 

The TMM2364P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance 

The TMM2364P is moulded in a 28 pm standard 
plastic package, 6 inch in width 



• Single 5V± 10% power Supply 

• Access Time 250ns max 

• Low Power Dissipation 

Average Current 40mA max. 
Standby Current 15mA max. 

• Input and Output TTL Compatible 

• Three State Outputs Wired OR Capability 







Ao ~Ai2 


Address inputs 


Do-D, 


Data outputs 


CS/CS 


Chip select inputs 


OE 


Output enable inpu 


CE 


Chip enable input 


NC 


No connection 


Vcc 


Power supply ternnmal 


GND 


Ground 



• Edge Enabled Operation CE 

• Output Buffer Control. OE 

• Programmable Chip Select CSj , CSj 

Easy Memory Expansion 

• Pin Compatible with i2364 

• Inputs protected All inputs have protection 

against static charge. 

BLOCK DIA^#| 



OE o 
CS,/CS, o 

CS2/CS2 o 



s e 
5 i 



5l 



Do D, 0, Dj D4 Ds Dg O7 



^ 



WKWffwwWiL 



CEo 


Chip enable input 
buffer and dock 


J 


Output buffers 




i 






J8 


Aoo 

A,o 


11 


5 


Column decoder 




Ajo 








J8X32 


A40 

Ajo— — 


8 


1 


256 


65536 bits 

Memory cell 

array 


A70 








A,o 

Aio" 


A,2 
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SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


ViN.VoUT 


Input and Output Voltage 


-0 5 ~ 7.0 


V 


TOPR 


Operating Temperature 


0-70 


°C 


TSTRG 


Storage Temperature 


-55-150 


'C 


TSD 


Soldering Temperature • Time 


260 10 


*C sec 


Pd 


Power Dissipation (Ta = TO^C) 


10 


W 

















SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNIT 


V|H 


Input High Voltage 


- 


22 


- 


Vcc + 1 


V 


V|L 


Input Low Voltage 


- 


-0.5 


- 


08 


V 


Vcc 


Power Supply Voltage 


- 


4.5 


5.0 


5.5 


V 



^^m 




Wm (Ta-O 


-- 70^*0 


















SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


l|H 


Input High Current 


V,N = 5.5V 


_ 


0.05 


10 


ma 


l|L 


Input Low Current 


V|N = GND 


- 


-0.05 


-10 


M 


VoH 


Output High Voltage 


Iqh - ~400/uA 


24 


3.3 


- 


V 


Vol 


Output Low Voltage 


l0L= 3.2mA 


- 


0.3 


0.4 


V 


'loh 


Output Leakage Current 


VoUT = 5.5V 


CE = 2 2V or 
OE = 2.2V 


- 


0.05 


10 


ma 


'lol 


VouT = 4V 


- 


-0.1 


-20 


ma 


icci 


Standby Current 


CE = 2.2V 


- 


8 


15 


mA 


ICC2 


Average Current 


tcYC = 350ns, louT = 0mA 


- 


20 


40 


mA 



• Typical values are at Ta - aS^C and Vqc "" 6V. 
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A.-^l 


^^pgf «^:: (Ta = ~ yo'^c 


, Vcc =5V±10%) 










YMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tCE 


CE pulse width 


- 


250 


- 


- 


ns 


tAS 


Address Setup Time 


- 





- 


- 


ns 


tAH 


Address Hold Time 


- 


50 


- 


- 


ns 


tACC 


Access Time 


- 


- 


150 


250 


ns 


too 


Output Delay Time from OE 


- 


- 


50 


120 


ns 


too 


Output Turn off Delay 


- 


- 


40 


70 


ns 


tec 


CE off Time 


- 


90 




- 


ns 


tCYC 


Cycle Time 


tAS = 0ns, tr,tf=5ns 


350 




- 


ns 



ypical vatues are at Ta = 25°C and Vgc = 5V 



Output Load: ITTL Gate + lOOpF 
Input Rise and Fall Times (10% ~ 90%)- 5ns 
Input Pulse Levels 8 ~ 2 4V 

Timing Measurement Reference Levels Input, 1V and 2.2V 

Output, 0.8V and 2.0V 



I 
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■'":<' z^w^^'^-'^-'um^'-' ■ ' 



(Ta = 25"C, f=1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNIT 


C|N 


Input Capacitance 


V|N =AC GND 


- 


5 


10 


PF 


COUT 


Output Capacitance 


VouT = A.C GND 


- 


8 


15 


PF 



Note: This parameter is periodically sampled and is not 100% tested 



TIMING WAVEFORMS 



Aq ~Ai2 
CSi , CS2 



X ADDRESS, CSi,\/ 
CS2 VALID ^?\ 



*AS . tAH 



ADDRESS, CSi, CS2 MAY CHANGE 



X 



Z^^==\ 



X 



A 



DATA VALID 



> 



Note (1) tQD '• specified from OE or CE, whichever occurs first. 
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OPERATION mOOB 



CE 


CSi , CS2 , Address 


OE 


OUTPUT 


MODE 


H 


(1) 


(1) 


HighZ _ 


Standby 


-1_ 


Valid 


(1) 


HighZ 


Latch 


L 


(2) 


L 


Data out 


Read 



^ote(l) Don't care 

(2) CSi, CS2, Address rr 



V change after t^n 



APPtlCATION INFORWIATION 

1. POWER SUPPLY DECOUPLING 

The operating current Ice wavefornns for TMM2364P are shown in Fig 
1,2 

The TMM2364P is a clocked device, so the transient current peaks are pro- 
duced on the CE transition and CE active level 

The Ice current transients require adequate decoupling of Vec power 
supply 

2. POWER ON 

The TMM2364P requires initialization prior to nornnal operation Two 
initialization methods are as follows. 

(1) A minimum 100/iS time delay is required after 'the application of 
Vec (+5V) before proper device operation is achieved And during 
this period, CE must be at V|h level 

(2) A minimum 100/iS time delay is required after the application of 
Vec (5V), and then a minimum of one initialization cycle must be 
performed before proper device operation is acheived 

Initialization cycle An initialization cycle is one Chip Enable clock cycle 
CE till the next down edge 



1 eye 


le 


"v'^""L. 


r:3 


V|L ^ 








'CC 50 - 


S^ 


30 I\ 


-h u 


50 r I 


I t 




t ^^ 


'> ^~ 


3:r= 



100 200 300 400 500 

Time (ns) 

Fgi 1 Ice vs time (CS Select) 

1 cycle 



ceVih 

V|L 



;■ 



.::::l 



n 



100 200 300 400 500 

Time (ns) 
Fig 2 Ice vs time (CS Deselect) 

from the first down edge of the 



I 
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Use 7 or 8-bit (even parity) ASCII code paper Tape for ROM data input. 
Two acceptable fornnats which are described in section A and B are available. 

A. Format 1 (when a check sum per word is used) 



•TMM2364P-nnnn' ^ 

'MSB = D7' ^ 

N8, y 

RnnD0,X7FP7, . ,X07P3, J 

RDDDS, X38P3, . . ,XE5P5, ^ 

RIIDI6, X10P1 X6BP5, J 



R8176, X4DP4, ,XB5P5, ^ 

R8184, X2CP3, ,XA4P3, ^ 

(csi = 1) y 

(CS2 = 0) y 



^v 



Preceding the first data field and following the last data field there must 
be a leader/trailer length of at least 50 null characters 

Contents in a single quotation mark (, ,) signify a comment and 

D D D D indicates a four-digit user pattern number 

y indicates carriage return and line feed 

Specify the most significant bit (MSB) of the device outputs (D7 or Po ) 

N8 indicates that the mask pattern is an 8-bit pattern 

Semicolon ( , ) signifies a punctuation of data 

R signifies an address. Enter the address with the four decimal digits 
every 8-words after the character R 

X signifies a hexadecimal digit 

Enter the data with the two hexadecimal digits every' word after the 

character X 

P signifies the check sum per word 

Enter the sum of 1 in a one word decimal after the character P 

* Data Modification 

Modifying single and continuous word data can be carried out by 

specifying the modifying addresses and inputting the data following the 

above procedure before the end symbol 

JVIodification can be allowed from to 8191 addresses. 

Specify the active logic of chip selects (CSi and CS2 ) in the parentheses 

respectively 

Enter "1" and "0" when active at high and low levels, respectively 

An example is shown in the left figure 

In fhis example, the device is selected under the condition that CSi and 

CS2 are at high and low levels, respectively 

$ signifies the End symbol 
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3 Format 2 (When a check sum per word is not used) 



•TMM2364P-nnnn j 

'MSB "O-j J 

RDDDO, X7F5A 39E5y 

RDDiS.XIOSC . B241; y 

RDD32 , X2DBA . . 36C7, / 



R8160, X1EC5 . .. .31DE, 


y 


R8176, X40A6 .. 1BA4, 


J 


(csi = 1) y 




(CS2=0) / 




$ y 




NULL 






R signifies an address. 

Enter the address with the four decimal digits every sixteen words after 

the character R. 

X signifies a hexadecimal digit 

Enter the data of sixteen words continuously after the character X 

Otherwise specified in Format 1 



In addition, Toshiba can also accept programming and masking information for TMM2364P in the form 
of punched paper tape with Intel BNPF format or master devices (EPROMs). 



I 
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TOSHIBA 



OUTLINE ORAWrNGS 




28 27 26 25 24 23 22 21 20 19 18 17 16 15 

nnnnnnnnnnnnn 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 




■f-r 



Note Each lead pitch is 2 54 mm. 

All leads are located within 25 mm of their 
and No 28 leads 



a longitudinal position with respect to No 1 



Note. Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry 
©Aug., 1980 Toshiba Corporation 
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TMM2365P: 8K WORD x 8 BIT MASK ROM 

N CHANNEL SILICON GATE 



TMM2365P 



*Thls is advance information and specifications are 
subject to change without notice. 



FEATURES 

• Access Time 200ns 

• Power Dissipation 

Operating Current 
Standby Current 

• 5V Single Power Supply 

5V±10% 

• Fully Static Operation 



100mA (MAX.) 
25mA (MAX.) 



Three Programmable Chip Select Inputs 

CS,/C?,, CS2/CS2, CS3/CS"3 
All Inputs and Outputs Directly 

TTL Compatible 
Three State Outputs 

Compatible with 2764 type EPROM TMM2764D 
28 Pin Standard Plastic Package 



PIN CONNECTION 



BLOCK DIAGRAM 



N.C.C 
A„C 2 
A, C 3 
A, C4 
A5 C 5 
A, C 6 
A, C 7 
A, C8 
A, C9 
Ao C K 
Do C 11 
D, C 1: 
D, C 1: 
GND C 1^ 



;^:'^mm''- 



28 DVcc_ 
27 3CS, /OS, 
26 DCS,/CS, 
25 3A, 
24 3A, 
23 3A,, 
22 DOE 
21 3A,o 
203CS3/CS, 
19 3D, 
18 3D, 
17 3D5 
16 3D^ 
I53D3 



64k Bit EPROM 
TMIVI2764D 



VppC 
AuC 2 
A, C 
A. C4 
A5 C5 
A4 C 
A3 C 
A, C 
A, C9 
A, C 



Oo C 11 



o. c 

GND C 



10 



28 3Vcc 
27DPSI5I 
26DN.C. 
25 3Ag 
24 3 A, 
23 3A„ 
223OE 
21 3A,o 
20DCE 
19 30, 
18 30. 
173O5 
16 30, 
15 30, 



n 



Ao ~ A,2 


Address Inputs 


Do-D, 


Outputs 


CSi.CSj.CSa 


Chip Select Inputs 


OE 


Output Enable Input 


Vdd 


Power Supply (5V) 


GND 


Ground 











CS, /OS, — 


e 






CS,/CS,o— 
CSj/CSjO — 


2=^ 




t: 
00 


;^c^ 





Output Buffers 



Sense Amp. 

and 
Column Decoder 




I 
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Note: T«htba does not assume any responsibility for use, of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
©Apr.. 1982 Toshiba Corporation 
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tt TOSHIBA MOSMIMORY PRODUCTS 



TIVIM2366P: 8K WORD x 8 BIT MASK ROM 

N CHANNEL SILICON GATE 



TMM2366P 



*This is advance information and specifications are 
subject to change without notice. 



• Access Time 200ns 

• Power Dissipation 

Operating Current 
Standby Current 

• 5V Single Power Supply 

5V±10% 



100mA 
25mA 



Fully Static Operation 
Programmable Chip Select CS/CS 
All Inputs and Outputs Directly TTL 

Compatible 
Three State Outputs 
24 Pin Standard Plastic Package 



m^mm^^im. 



(Top View) 



32k Bit Mask ROM 
TMM333P 



A,C 1 
A^C 2 
A^C 3 
A^C 4 
A3C 5 
A,C 6 
A, C 7 
AoC 8 
DoC 9 
D, C 10 
DjC 11 
GNDC 12 



3Vcc 

3A, 8 

3A, 

3A„ 

3CS/C5 

3A,o 

3A,, 

3D, 

3D, 

3D4 
3D, 



A,C 
A,C 



DjI 
GNOl 



3Vcc 
23 DAg 
22 3 A, 
21 3CSj/CSj 
20 3CS,/CS, 
19 3A,o 
18 3A„ 
17 3D, 
16 3Dg 
15 3D, 



14 3D, 
13 3D3 



Pin Compatible with 32K Bit ROM TMM333P 
for Memory Expansion 







Ao ~ A12 


Address Inputs 


Do~D7 


Outputs 


CS/CS 


Chip Select Input 


Vdd 


Power Supply (5V) 


GND 


Ground 





Vcc 


GND 






U 0..— 0, 




T ? 


Control 
Circuit 




1 1 




Output Buffers 






Sense Amp. 

and 
Column Decoder 












1 
00 








Memory Cell 
Array 
8k x8 


^ 


1 








'° 
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'IS: 



Note: Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry 
©Apr., 1982 Toshiba Corporation 
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TOSMBA MOS MEMMY PROnj0T$ 



TMiyi23256P 256K BIT (32K WORD x 8 BIT) MASK PROGRAMMABLE ROM 

N-CHANNEL SILICON GATE MOS 



TMM23256P 



The TMM23256P is a 262,144 bit read only 
memory organized as 32,768 words by 8 bits with a 
low bit cost, thus being most suitable 'for use In 
character generator. 

Consisting of static memory cells and clocked pe- 
ripheral circuitry, the TMM23256P provides a high 
speed and low power dissipation (access time 150ns, 
operating current 40mA) 

The TMM23256P also features an automatic stand- 
by power mode. When deselected by Chip Enable 
(CE), the operating current is reduced from 40mA to 



10mA. Output Enable (OE) is effective in preventing 
data conflict ion on a common bys line. 

The TMM23256P uses the address latch system 
that the falling edge of CE latches all inputs except 
for OE, thus can be easily connected to a system 
where address and data buses are commonly used. 

The TMM23256P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production on high performance. 

The TMM23256P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 



Single 5V Power Supply 

Fast Access Time . 150ns (Max.) 

Low Power Dissipation 
Average Current : ^ 40mA (Max.) 
Standby Current : 10mA (Max ) 

Inputs protected : All Inputs have Protection 
Against Static Charge 



Edge Enabled Operation : CE 
Output Buffer Control : OE 
Input and Output : TTL Compatible 
Three State Outputs : Wired OR Capability 
28 pin Standard Plastic DIP 



N.C.C 1 

A12C 2 
A7C 3 

A6C4 
AsC 5 
A4C6 
A3C 7 
A2C8 
AiCS 
AoC 10 
DoC 11 
DlC 12 
D2C 13 
GNDC 14 



18 



Vcc GND 



bDVcc 

27 3Ai4 
26 IIA13 
25 DAg 
24 3A9 
23 3An 

22 Doe 

21 DA 10 

20 Del 

19 DD7 

) D06 

7 DDj 

s 3D4 
5DD3 



Ao-'A,4 


Address Inputs 


Do-D, 


Data Outputs 


OE 


Output Enable Input 


CE 


Chip Enable Input 


N.C. 


No Connection 


Vcc 


Power Supply Terminal 


GND 


Ground 



II 


30DlD2D3D4D5D6D7 

inniiT 








Output 
Buffers 




Chip. Enabto 
Input Buffer 
and Clock 


L_^ 


>- 














■ "- 








.« 






1 






1 


Aoo 


i 

• 

1 

3 
CD 

1 


6 

\ 




Column 
Decoder 


Al 

A20 




A30 






A4 










' 




A6 

Ato— 


9 






^8x64 


Ag 

A9 

Aioo 

Ano— 

A,20 

Al30 

Ai4 




i 


512 


262,144 bits 
Memory cell 
erray 
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IMAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0 5-7 


V 


ViN.VouT 


Input and Output Voltage 


-0 5 ~ 7 


V 


TOPR 


Operating Temperature 


0-70 


°C 


TSTRG 


Storage Temperature 


-55- 150 


°C 


TsOLDER 


Soldering Temperature Time 


260 10 


°C sec 


Pd 


Power Dissipation (Ta • 70°C) 


1 


W 



\§^^^^M0$.f^^0^^^ 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


V,H 


Input High Voltage 


- 


22 


- 


Vcc + 1 


V 


V,L 


Input Low Voltage 


- 


-0 5 


- 


08 


V 


Vcc 


Power Supply Voltage 


- 


45 


5.0 


55 


V 



^j^mm 


^mrm^ mmmtMnm 


1«, (Ta = 


-70°C) 










SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l|H 


Input High Current 


V,N = 5 5V 


- 


05 


10 


ma 


l|L 


Input Low Current 


V,N = GND 


- 


-0 05 


-10 


ma 


VoH 


Output High Voltage 


loH = -400 ju A 


24 


33 


- 


V 


Vol 


Output Low Voltage 


lOL = 3 2mA 


- 


03 


04 


V 


'loh 


Output Leakage Current 


VouT=5 5V 


CE = 2 2V or 


- 


0.05 


10 


HA 


Ilol 


VouT = 4V 


OE = 2 2V 


- 


-0 1 


-20 


HA 


icci 


Standby Current 


CE = 2 2V 


- 


- 


10 


mA 


ICC2 


Average Current 


tcYC = 230ns, louT = 0mA 


- 


- 


40 


mA 



• Typical values are at Ta = 25 C and Vcc = 5V 



(Ta = 25 C, f = 1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


C|N 


Input Capacitance 


V,N =AC GND 


- 


5 


10 


PF 


CoUT 


Output Capacitance 


VouT=AC GND 


- 


8 


15 


PF 



Note This parameter is periodically sampled and is not 100% tested 
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• Output Load • 1TTLGate+ lOOpF 

• Input Rise and Fall Times (10% ~ 90%) 5ns 

• Input Pulse Levels 0.8 ~ 2.4V 

• Timing Measurement Reference Levels 



Input , IV and 2.2V 
Output , 0.8V and 2.0V 



Wmm wAyumm^ 



'^'M^^ 



:^^mm$$^^ (Ta = ~ 70°C 


, Vcc = 5V± 10%) 










SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


tCE 


CE pulse width 


- 


150 


- 


- 


ns 


tAS 


Address Setup Time 


- 





- 


- 


ns 


tAH 


Address Hold Time 


- 


30 


- 


~ 


ns 


tACC 


Access Time 


- 


- 


- 


150 


ns 


too 


Output Delay Time form OE 


- 


- 


- 


70 


ns 


too 


Output Turn off Delay 


- 


- 


- 


70 


ns 


tec 


CE off Time 


- 


70 


- 


- 


ns 


tCYC 


Cycle Time 


tAS = Ons, tr, tf = 5ns 


230 


- 


- 


ns 



Typical values are at Ta = 25'"C and Vqc = 5V 



>: 



ADDRESS 
VALID 



X 



ADDRESS MAY CHANGE 



X 



X 



^^ 



^' 



tOD(l) 



DATA VALI 
-» 



i:> 



Noted) tQD IS specified from OE or CE. whichever occurs first. 
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The TMM23256P has two control functions. 

The chip enable (CE) controls the operation power 
and should be used for device selection. The falling 
edge of the CE will activate the^vice and latch the 
addresses. The output enable (OE) control the out- 






put buffers^ independent of device selection. Assum- 
ing that OE = V|L, the output data is valid at the 
outputs after tACC (150ns) from the falling edge of 
theCE. 



The operation modes of the TMM23256P are listed in the following table 



MODE 


CE 


ADDRESS 


OE 


OUTPUT 


POWER 


Standby 


H 


. 


« 


High Impedance 


Standby 


Latch 


~\ 


Valid 


• 


High Impedance 


— 


Read 


L 


•• 


L 


Data Out 


Active 


Output Deselect 


L 


• 


H 


High Impedance 


Active 



Don't care 

Address may change after t ah • 
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1. POWER SUPPLY DECOUPLING 

The operating current Ice waveforms for TMM 
23256P are shown in Fig 1,2 

The TMM23256P is a clocked device, so the tran- 
sient current peaks are produced on the CE transition 
and CE active level 

The Ice current transients require adequate de- 
coupling of Vcc power supply. 

2. POWER ON 

The TMM23256P requires initialization prior to 
normal operation. Two initialization methods are as 
follows 

(1) A minimum lOOjus time delay is required 
after the application of Vcc (+5V) before 
proper device operation is achieved And dur- 
ing this period, CE must be at V|h level. 

(2) A minimum lOOjus time delay is required 
after the application of Vcc (5V), and then a 
minimum of one initialization cycle must be 
performed before proper device operation is 
acheived 

Initialization cycle . An initialization cycle is one 
Chip Enable clock cycle from the first down edge of 
the CE till the next down edge. 



2.2V 
OOV 



^S 



t 



7"^ 



100 200 300 

Time (ns) 







F 


ig. 1 Ice vs- Time 
1 cycle , 


(1) 




























"E 




V 






/ 


\ 






/ 












































_ ,0'. 


r- 










\ 
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1 80 


























1 










1 








(J 




\ 


1 






\l 












\ 


A 






\ 











A 


J\\ 




_> 


JV 


-^1 
















_ 


J 



100 200 300 400 

Time (ns) 

Fig 2 Ice vs. Time (2) 
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•mtmiM)&ii^: 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 

nnnnnnnnnnnnnn 



uuuuuuuuuuuuuu 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 



L- 










37.4 MAX. 








X 
< 

2 




15.24Typ. 


^ 1 


X 

< 

5 


-i 


N 




- 


5° 

r 1 




f 1 1 1 1 1 1 1 1 1 1 1 11 


Jb- 


' _i ' ' . \ 




"\ 


M UiU.i 




n L U U'UiU U!U 


r 


\ III 


Ml 




1 


\l\ 




I 


^ 




I 


V 




o-^^'m 












' ^ 


P 'F 


0.5 ±0.15 


P V "H ? "P H 


z 




2.54 ±0.25 






1.4±0.15 


0^ 


2 MAX. 




17.4 Max. 

























Note Each lead pitch is 2.54 mm 

All leads are located within 0.25 mm of their true lingitudinal position with respect to No. 1 and No 28 leads. 



Note. Toshiba does not assume any responsibility for use of any cin 

the right, at any time without notice, to change said circuitry. 
©Nov , 1981 Toshiba Corporation 



Jitry described, no circuit patent licenses are implied, and Toshiba reserves 
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MOS Mask Programble Read Only Memory 



241 



32 K Bit CMOS MASK ROM COMPARISON TABLE 



P>N CONFIGURATION 



*5l4l 







TC5332P 








TC5333P 










^ 










V->' 








A7C 


1 




24 


3vdd 


A7C 


1 




24 


3vdd 




A6C 


2 




23 


3 As 


A6C 


2 




23 


:a8 






X 




22 


:a9 


k 




22 


:a9 






\ 


21 


:An 




\ 


21 


:ai, 




r- 


"T~ 


20' 


:oE 




~\~ 


20 


Doe 


"■"1 
1 


\_ 


19 


3aio 




W 


19 


3aio 




r 
1 


\ 


18 


3CE/CE 




\ 


18 


DCE 


1 




^ 


< 


3D7 








V 17 


3D7 






Operation Mode Table 





TC5332P 


TC5333P 1 


^\^ Pin Name 


CE/CE ^ 
(18) 


OE 
(20) 


Addresses 


Outputs 


Power 


(18) 


OE 
(20) 


Addresses 


Outputs 


Power 


Address Latch 


^^^^^^ 


^^^^ 


_^^--^ 


^^---^ 


^.^-^ 


-\_ 


♦ 


Valid 


High-Z 


- 


Read 


H/L 


L 


Valid 


Dout 


Active 


L 


L 


* 


Dout 


Active 


Standby 


L/H 


♦ 


* 


High-Z 


Standby 


H 




* 


High-Z 


Standby 


Output Deselect 


H/L 


H 


* 


High-Z 


Active 


L 


H 


* 


High-Z 


Active 


Operation Mode 


Fully Static Operation (Asynchronous Type) 


Address Latched Operation (Synchornous Type) 






TC5534P 


TC5535P 1 


^^^-^^ Pin Nanne 
^^•^jsiumber 


CE,/CE, 
(20) 


CE2/CE2 
(21) 


Addresses 


Outputs 


■■- - - 

Power 


CE 
(20) 


OE 
(21) 


I - ' -1 

Addresses 


Outputs 


Power 


Addresses Latch 


^,^^^^ 


^^.^^^ 


^^--^ 


^^--^^ 


^,^^^^ 


-L_ 


* 


Valid ^ 


High-Z 


- 


Read 


H/L 


H/L 


Valid 


Dout 


Active 


L 


L 


* 


Dout 


Active 


Standby 1 


L/H 


♦ 


• 


High-Z 


Standby 


H 


* 


♦ 


High-Z 


Standby 


Standby 2 


• 


L/H 


* 


High-Z 


Standby 


^.^^^ 


^^-^ 


^^^-^^ 


^^-^^^^ 


^^.^^^ 


Output Deselect 


^^_^ — - — 


..-^-^ 


^^^^ — ' 


_„--- ' 


^^ — ^^ 


L 


H 


* 


High-Z 


Active 


Operation Mode 


Fully Static Operation (Asynchronous Type) 


Address Latched Operation (Synchronous Type) 
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TOSHIBA MOS MEMORY PRODUCTS 



K WORD X 8 BIT CMOS MASK ROM 

ILiCON GATE CMOS 



TC5332P 



The TC5332P is a 32.768 bit low power read only 
lemory organized as 4,096 words by 8 bits using 
;M0S technology, and operates fronn a single 5V sup- 
ply. 

The TC5332P has a programmable chip enable 
iput (CE/CE) for device selection and a output 
nabie input (OE) for fast access and output control, 
'he maximum access times from address and chip 
nable are both 450 ns. 



The TC5332P is pin compatible with the industry 
produced NMOS ROM TMM2332P, yet offers a more 
than 90% reduction in power of their NMOS equiva- 
lent. The TC5332P's maximum operating and stand- 
by current is 7mA and 20//A, respectively. Thus the 
TC5332P is most suitable for use in low power 
applications such as battery operated system. 

The TC5332P is molded in a 24 pin standard 
plastic package. 



» Access Time- 450ns 
» Low Power Dissipation 
'oDO =7mA (Max.) 
Iqds = 20iuA (Max.) 
» All Inputs and Outputs 
» Three state outputs 



Operating 
Standby 
TTL Compatible 



Fully Static Operation 

Two Control Functions- CE/CE, OE 

Programmable Chjp Enable: CE/CE 

Output Control. OE 

Pin Compatible with TMM2332P and TMM2732D 

Standard 24 pin Plastic Package 



^^m^^m&fmcjtim ctop view) 



A7ni 1 24I1VDO 

A6C2 23DA8 

AsC3 22IA9 

A4C 4 21 D All 

A3C 5 20 Doe 

A2C6 19DA10 

AlC 7 18 3 CE/CE 

A0II8 I7DD7 

Does 16 1D6 

DlC 10 IslDs 

D2C 11 I4ID4 

GNDC 12 I33D3 



mn NAMES 



Ao~Aii 


ADDRESS INPUTS 


Do-D, 


DATA OUTPUTS 


CE/CE 


CHIP ENABLE INPUT 


OE 


OUTPUT ENABLE INPUT 


Vdd 


POWER (+5V) 


GND 


GROUND 



Vdd GND 






I I 



niinii 



Output Buffers 



A20 
A30 
A40 
Aso 
A6 
A70 
Ago 
A90 
AioO 
Alio 



Column Decoder 



^-C 



Memory Cell Array 
(256 X 128) 



I 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0 3V ~ 7 OV 


V|N 


Input Voltage 


-0 3V ~ 7 OV 


VoUT 


Input/Output Voltage 


OV-Vdd 


Pd 


Power Dissipation (Ta = 85°C) 


8W 


TSTG 


Storage Temperature 


-55°C~150°C 


TOPR 


Operating Temperature 


-40°C~85°C 


TSOLDER 


Soldering Temperature • Time 


260"'C-10sec 



RECOMMENDED D.C. OPERATING CONDITIONS (Ta » .4(fC -*- ^"O 



SYMBOL 


PARAMETER 


MIN 


TYP. 


MAX 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


50 


55 


V 


V|H 


Input High Voltage 


22 


- 


Vdd+0 3 


V 


V|L 


Input Low Voltage 


-0 3 


- 


08 


V 



^^^M 


^M^J^^^^^^^^^^^^^&i 


^liii^ii^PiM 










^ww^^ra 








SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX. 


UNIT 


l|L 


Input Load Current 


O^Vin^Vdd 


- 


- 


±10 


/xA 


"lo 


Output Leakage Current 


CE = V,L(CE = V|H),OVgVout^VDD 


- 


- 


±5 


MA 


lOH 


Output High Current 


VoH=2 4V 


-10 


-4 


- 


mA 


•OL 


Output Low Current 


Vol = 4V 


2.0 


4.0 


- 


mA 


'ddsi 


Standby Supply Current 


CE = 0.8V (CE = 2.2V) 


- 


0.5 


20 


mA 


IdDS2 


CE = 0.2V{CE = Vdd-0 2V) 


- 


05 


20 


MA 


'ddoi 


Operating Supply 
Current 


CE= V|H {CE=V,L),tcyc = lMS, 
V|n=V,h/V,l, lout = 0mA 


- 


60 


10.0 


mA 


IdD02 


CE = VDD{CE = OV),tcyc = lMS. 
V|n=Vdd/GND. lout = 0mA 


- 


40 


7.0 


mA 



Note Typical values are at Ta = 25''C, Vdd =" 5V. 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


- 


5 


10 


pF 


Cout 


Output Capacitance 


- 


5 


10 


PF 



Note This parameter is periodically sampled and is not 100% tested. 
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^.;^^i^N^|ii^g^jBpfel^,^.,^^.::^ft^*1^,;#i|- 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX. 


UNIT 


tACC 


Address Access Time 


- 


- 


450 


ns 


tCE 


Chip Enable Access Time 


- 


- 


450 


ns 


tOE 


Output Enable Access Time 


- 


- 


150 


ns 


tOD 


Output Desable Time 


- 


- 


100 


ns 


tCYC 


Cycle Time 


450 


- 


- 


ns 



P^^?|fiMB|,^SP^^PP^8l^' 



Output Load • lOOpF + 1 TTL Gate 

• Input Pulse Levels . 0.6V, 2.4V 

> Timing Measurement Reference Levels 

Input • 0.8V and 2.2V 

Output : 0.8V and 2.2V 

> Input Pulse Rise and Fall Times : 10ns 



'iS, ipPBWl^pB'' fW^^VSff^^^^^^Hl^lf^', 



X 



Address Stable 



X 



X 



\ 



>: 



/ 



Output Data Valid 



> 



i^mnmtm m^ 



MODE 


CE/CE 


OE 


ADDRESS 


OUTPUTS 


Read 


HID 


L 


Valid 


Data out 


Standby 


L(H) 


• 


• 


HighZ 



Don't care 



I 
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^ACCVS. Vqd 



Ta- 25° C 

Cl" lOOpF + ITTL 



tcE v«- VdD 



Ta-25°C 

Cl - lOOpP + 1TTL 



150 



100 



S 

lU 

S 50 



toE^«- VdD 



Ta-25''C 

Cl- lOOpF + ITTL 



Vpo ivl 



VoD IVI 



40 80 

Ta I°C] 



tcE v». Ta 



Vqd " 4.5V 

Cl- lOOpF + ITTL 



40 80 

Ta ["Cl 







toE v«. Ta 




150 


VDD-4-5V 
Cl-100pF + 1TTL 


s 


100 


^^ 


Ul 




50 
n 


^^^ 



40 80 

Ta [°C1 



6 

- 5 

< 

O 3 



'ODOI "*■ VqD 

et - 0.8V 
51 - 0.8V 
Ta-25°C 
tcvcla-lM» 



VddIVI 



• 0002«»- Vdo 

CE - 0.2V 
61 - 0.2V 
T8-25'*C 
tcycle " IM* 







•oDOl 


vs. Ta 


<r 


6 

5 




VpD - 5-5V 
Cl-p.8V 
51 - 0.8V 
tcycle-lM* 


1 


4 


^^^^^ 




s 

o 


3 

2 
1 




" ^ 



40 80 

Ta l»Cl 



Vqd tVl 



40 80 

Ta rc] 



E 

§ 3t 



»D001 


vs. 


tcycl. 








^2 


-5.5V 
0.8V 






51- 


0.8V 


• """^ 




Ta- 


25" C 








Tcycia IM«1 



'DD02 


vs. 


t cycle 








^5 


-5.5V 
0.2V 






51- 


0.2V 


...^^ 




Ta- 


25° C 
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'ddsi 


vs 


V,n(CE) 




500 
400 


\ 




Other Input = 8~2 2V 
Ta= 25° C 


< 


300 
200 




\ 


\ 


i 

Q 


100 






X. 





3 41 

v,rg(CE) [V] 



IDDS2VS. V|N (CE) 



VdD = 5 5V 

Other Input = 8~2 2V 

Ta= 25° C 



40 50 6 

V,N(CE) {V] 



V 


N 


V 


L 


vs 


Vdd 

Ta = 


25° C 






^ 


^ 


^ 
-^ 


^ 



















Vdd fv] 



V 


H- 


V 


L 


vs. Ta 

V|H VdD = 
V|L Vdd = 
V|H 

.J^IL 


5.5V 
4 5V 



40 80 

Ta [°C] 



i -10 



10 20 30 40 

VoH [V] 



'OL 


/ 


Vol 


Vdd = 4-5V 
Ta=25°C 



0.4 8 12 

Vol fv] 




I 
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Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input. 
Two acceptable formats which are described in section A and B are avail- 
able. 

A. Format 1 (when a check sum per word is used) 



NULL 

TC5332P-nDnny 

'MSB = 07' J 
N8; J 



RDDDO; X7FP7 
RDDDS; X38P3; 
Rnni6;X10P1 



X07P3; ^ 
XE5P5;>' 
XGBPBj 



R4080; X4DP4; . . . . ; X8BP5; J 
R4088; X2CP3; . . . . ; XA4P3;>' 

(CS=1)-/ 



NULL 



Preceding the first data field and following the last data field there must 
a leader/trailer length of a least 50 null characters. 

Contents in a single quotation mark ( ,) signify a comment a 

D D D D indicates a four-digit user pattern number. 

J indicates carriage return and line feed. 

Specify the most significant bit (MSB) of the device outputs (D7 or D 
N8 indicates that the mask pattern is an 8-bit pattern. 

Semicolon ( ; ) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits evei 
8-words after the character R, 

X signifies a hexadecimal digit. 

Enter the data with the two hexadecimal digits every word after the chara 

terX. 

P signifies the check sum per word. 

Enter the sum of 1 in a one word decimal after the character P. 

* Data Modification 

Modifying single and continuous word data can be carried out by specifv 

ing the modifying addresses and inputting the data following the abov 

procedure before the end symbol. 

Modification can be allowed from to 4095 addresses. 

Specify the active logic of chip enable CE/CE (18PIN) in the parentheses 

Enter CS = 1 and CS = when active logic of chip enable is at high and lov\ 

levels, respectively. 

An example is shown in the left figure. __ 

In this example the device is selected under the condition that CE/CE \\ 

at high level. 

$ signifies the End symbol. 
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3. Format 2 (When a check sum per word is not used) 



NULL 

TC5322P-nnnD; 

'MSB = 07; 
NSJ 
RDDDO, X7F5A ... 39E5, ; 

R nni6, X108C B241, ^ 

R nn32, X2DBA.. 36C7, v' 



R4064, X1EC5 .. 31 DE;; 

R4080, X4DA6 . . 1 BA4, } 

(CS =1); 

NULLy/ 



R signifies an address 

Enter the address with the four decimal digits every sixteen words after the 

character R 

X signifies a hexadecimal digit. 

Enter the data of sixteen words continuously after the character X 

Otherwise specif led in Format 1. 



In addition, Toshiba can also accept programming and masking information for TC5332P in the form of punched 
paper tape with Intel BNPF format or master devices (EPROMs). 
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OUTLINE DRAWINGS 



24 23 22 21201918 17161514 13 




t|jL|jL|jL|j4j4j | 4jLijl|ll|jljjljj' '- 

1 23456 789 1011 12 




Note Each lead pitch is 2 54 mm All let 
All dimensions are m millimeters 



s located within 25 mm of their true longitudinal position with respect to No 1 and No 24 leads 



Note Toshiba does not assume any responsibility for use of any c 

at any time without notice, to change said circuitry 
©Spt. 1981 Toshiba Corporation 



t patent licenses are implied and Toshiba reserve the right. 
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4,096 WORD X 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 



TC5333P 



IHb^^^^^W^ 



The TC5333P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply, 

The TC5333P has a chip enable input (CE) for 
device selection and a output enable input (OE) 
for fast memory access and output control. And the 
TC5333Puses the address latch system that the falling 
edge of CE latches all inputs except for OE, thus 
can be connected to a system where address and data 
buses are commonly used. The maximum access 



time from chip enable is 450 ns. 

The TC6333P is pin compatible with the industry 
produced NMOS ROM TMM2332P, yet offers a more 
than 90% reduction in power of their NMOS equi- 
valent. The TC5333P's maximum operating and 
standby current is 7 mA and 20 /xA, respectively. 
Thus the TC5333P is most suitable for use in low 
power applications such as battery operated system. 

The TC5333P is moulded in a 24 pin standard 
plastic package. 



• Access Time: 450 ns 

• Low Power Dissipation 

Iddo = 7mA (Max.) : Operating 
Idds=20juA (Max.) Standby 

• All Inputs and Outputs: TTL Compatible 

• Three State Outputs 



• Two Control Functions. CE,OE 

• Address Latches: _CE 

• Output Control: OE 

• Pin Compatible with TMM2332P and TMM2732D 

• Standard 24 pin Plastic Package 



PIN CONNECTION (TOP VIEW) 



MjOCK OlAQflAM 



A7C 1 
AfiC 2 
AsC 3 
AaC 4 
A3|I 5 
AjC 6 
AlC 7 
AoC 8 
DoC 9 
DiC 10 
DaC 11 
GNDC 12 



24 HVdd 
23 DAg 
22IIA9 

21 DAn 
20 Doe 

19 DAio 

isnci" 

17 JD7 
16 DD6 
15 3Ds 
14 3D4 
13 I]D3 



Ao - A, 1 


Address Inputs 


D0-D7 


Data Outputs 


CE 


Chip Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 



D0O1D2D3D4D5 D6 D? 






Output Buffsrt 



AoC 
AiC 
AjC 
A3C 
A4C 
AsC 
A6C 
A7C 
Ago 
A9C 
AloC 
AllC 



— 8 



Column Dscodw 



Mamory Call Array 
(256 X 128) 
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iS#^^r?^H.^kfei;Mii^M&iK^^?^ - 



ABSOLUtE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0 3V ~ 7.0V 


V,N 


Input Voltage 


-0 3V ~ 7 OV 


VOUT 


Output Voltage 


OV ~ Vdd 


Pd 


Power Dissipation (Ta = 85°C) 


8W 


TSTG 


Storage Temperature 


-BB^C-ISO^C 


TOPR 


Operating Temperature 


-40*C ~ 85*C 


TsOLDER 


Soldering Temperature Time 


260°C 10 sec 



nio^sMf NDiO n.i^0Eg0tmM^^m^MA^^y^^n'^M''0- 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


50 


55 


V 


V|H 


Input High Voltage 


2.2 


- 


Vdd +0.3 


V 


V,L 


Input Low Voltage 


-0.3 


- 


08 


V 



M^mmMxtmmm:(f^^'-^'C^w^.ym:'*-w>^ ^i^^ * 



SYMBOL 
l|L 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Input Load Current 


O^V.n^Vdd 


- 


_ 


±10 


juA 


Ilo 


Output Leakage Current 


CE=V,H,OV^Voat^VDD 


- 


- 


±5 


/iA 


lOH 


Output High Current 


VoH=24V 


-1.0 


-4 


- 


mA 


__'0L 

'ddsi 

IdDS2 


Output Low Current 


Vol = 0.4 V 


20 


40 


_ 


mA 


Standby Supply Current 


CE =2 2V 

other inputs = V|h or V||_ 


- 


20 


50 


mA 


CE = Vdd -0 2V 

other inputs = 2V or Vdd -0 2V 


- 


0.05 


20 


ma 


Iddoi 


Operating Supply 
Current 


CE=V,L,tcyc = lMS, 

V|n=V,h/V,l, lout = 0mA 


- 


60 


10.0 


mA 


'dD02 


CE = OV, tcyc = IMS, 

V|N = Vdd /GND, lout = 0mA 


- 


40 


70 


mA 



Nito. Typical values are at Ta = 25''C, V^o = 5V. 



^^^^^i^^i^Ai^ 


i»** 


^^^m 










SYMBOL 


PARAMETER 


MIN 


TYP. 


MAX 


UNIT 


C|N 


Input Capacitance 


- 


5 


10 


pF 


Cqut 


Output Capacitance 


- 


5 


10 


PF 



Note- This parameter is periodically sampled and is not 100% tested. 
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- A.e. €H,ABAet€«i$Ti<^0i-» -^:<^W^m^^MM^~ 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


^ACC 


Chip Enable Access Time 


- 


- 


450 


ns 


tOE 


Output Enable Access Time 


- 


- 


150 


ns 


tAS 


Address Setup Time 


30 


- 


- 


ns 


tAH 


Address Hold Time 


30 


- 


- 


ns 


tec 


CE OFF time 


70 


- 


- 


ns 


tcEH 


Chip Enable Hold Time 


450 


- 


- 


ns 


tOD 


Output Desable Time 


- 


- 


100 


ns 


tCYC 


Cycle Time 


540 


- 


~ 


ns 



A.C. TEST CONDITIONS 

• Output Load lOOpF + 1TTL Gate 
° Input Pulse Levels 6V, 2 4V 

• Timing Measurement Reference Levels 

Input 8V and 2 2V 

Output 8V and 2 2V 

• Input Pulse Rise and Fall Times 10 ns 



'mwmymmmv^m:: 




OPERATION MODE 



MODE 


CE 


OE 


ADDRESS 


OUTPUTS 


Read 


L 


L 


* 


Data out 


Standby 


H 


* 


• 


HighZ 


Address 
Latch 


~L 


• 


Valid 


HighZ 



Don't care 
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Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input. 
Two acceptable formats which are described in section A and B are available. 
A Format 1 (when a check sum per word is used) 



NULL 

TC5333P-nnnn'y 

'MSB = D7'y 

N8,y 

RnnD0.X7EP7. ,X07P3, ) 

Rnnn8,X38P3; . . . ,XE5P5, ^ 

RDD16.X10P1, . . ,X6BP5; / 



R4080,X4DP4; 
R4088,X2CP3, 



.XB5P5; y 
,XA4P3, y 



NULL 



Preceding the first data field and follwing the last data field there 
must be a leader/trailer length of at least 50 null characters. 

Contents in a single quotation mark (' ') signify a comment 

and nnnn indicates a four-digit user pattern number. 

y indicates carriage return and line feed. 
Specify .the most significant bit (MSB) of the device outputs (D7 or Do) 
NB indicates that the mask pattern is an 8-bit pattern. 
Semicolon (,) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits 
every 8-words after the character R. 
X signifies a hexadecimal digit. 

Enter the data with the two hexadecimal digits every word after the 
character X. 

P. signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 



* bata Modification 

Modifying single and continuous word data can be carried out by 

specifying the modifying addresses and inputting data following the 

above procedure before the end symbol. 

Modification can be allowed from to 4095 addresses. 



$ signifies the End symbol. 
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B Format 2 (when a check sum per word fis not used) 



NULL 

TC5333P-Dnnn'^ 

'MSB = D7'y 

N8, y 

Rnnno,x7F5A sqeb, y 

Rpni6,X108C . B241, V 
Rnn32,X2DBA 36C7, ) 



R4064,X1EC5 
R4080,X4DA6 



31DE,y 

1BA4, y 



NULL 



R signifies an address. 

Enter the address with the four decimal digits every sixteen words 

after the character R. 

X signifies a hexadecimal digit. 

Enter the data of sixteen words continuously after the character X. 

Otherwise specified in Format 1. 



In addition, Toshiba can also accept programming and masking information for TC5333P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs). 
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ITOSHIMA 



;mTl,Me.E^!)i^WM!^ 



24 23 22 21 20 19 18 17 16 15 14 13 

I — II — ir~ir~ir~ir-ir~ir— inr~)i~ii~i 



#- 



uuuuuuuuuuuu 

1 2 3 4 5 6 7 8 9 10 11 12 







]i 




a D- 



Note- Each lead pitch Is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 



Note Toshiba does not assume any responsibility for use of any circuity described, r 

at any time without notice, to change said circuitry 
© IS/lar., 1982 Toshiba corporation 



t patent licenses are implied and Toshiba reserve the right. 
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TOSHIBA MOS MEMORY PRODUCTS 



4,096 WORD X 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 



TC5334P 



The TC5334P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. 

The TC5334P has two programmable chip enable 
inputs (CEi/CEi and CE2/CE2) for device selection. 
The maximum access times from address and chip 
enable are both 450 ns 

The TC5334P is pin compatible with the industry 



produced NMOS ROM TMM333P, yet offers a more 
than 90% reduction in power of their NMOS equiv- 
alent The TC5334P's maximum operating and 
standby current is 7mA and 20fxA, respectively Thus 
the TC5334P is most suitable for use in low power 
applications such as battery operated system 

The TC5334P is molded" in a 24 pin standard 
plastic package. 



• Access Time 450 ns 

• Low Power Dissipation 
IddO =7 mA (Max.) 
Idds=20)uA (Max.) 

• All Inputs and Outputs 

• Three State Outputs 



Operating 
Standby 
TTL Compatible 



' Fully Static Operation 

' Two Programmable Chip Enables 

CEi/CEi,CE2/CE2 
• Pin Compatible with TMM333P 
' Standard 24 pin Plastic Package 



^(^^^^il|i|ii^;i 




pmmmm%, 



24 H Vdd 

23 I! Ag 

22 D A9 

21 3 CE2/CE2 

20 U CEi/CEi 

19 3 AlO 

18 3 All 

17 3 D7 

16 3 De 

15 3 Ds 

14 3 D4 

13 3 D3 



Ao-Aii 


Address Inputs 


D0-D7 


Data Outputs 


CEi/CEi 
CE2/CE2 


Chip Enable Inputs 


Vdd 


Power (+5V) 


GND 


Ground 



Vdd GND 



Aao- 

A3C>- 
A4C^ 
AsO- 

Aeo- 

Ato- 

ASO- 

A9C^ 

AiOO— 

An O- 






D0D1D2D3D4DS Dg D7 



Output Buffers 



Column Decoder 



128 

-At- 



Memory Cell Array 
(256 X 128) 
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: ;v/;^^-^-'-V-r;i>;J: -U-'jiif' :^' 
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SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0 3V ~ 7 OV 


V|N 


Input Voltage 


-0 3V ~ 7 OV 


VoUT 


Output Voltage 


OV-Vdd 


Pd 


Power Dissipation (Ta = 85°C) 


8W 


TsTG 


Storage Temperature 


-55*'C-150°C 


foPR 


Operating Temperature 


-40°C ~ SB^'C 


TsOLDER 


Soldering Temperature Time 


260''C-10sec 







1 










SYMBOL 


PARAMETER 


MIN 


TYP 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


22 


- 


Vdd+0 3 


V 


V|L 


Input Low Voltage 


-0 3 


- 


08 


V 



tm^Mmmmf-mwrnmrn 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l|L 


Input Load Current 


O^V,n-^Vdd 


- 


- 


±1.0 


MA 


Ilo 


Output Leakage Current 


CE = V,L(CE=V,H),OV^Vout^VDD 


- 


- 


±5 


ma 


lOH 


Output High Current 


VoH = 2 4V 


-1 


-4 


- 


mA 


lOL 


Output Low Current 


Vol =0-4V 


20 


40 


- 


mA 


Iddsi 


Standby Supply Current 


CEi =0 8V'orCE2 =0 8-V 
(CE 1 = 2 2V or CE"2 = 2 2V) 


- 


05 


50 


mA 


IdDS2 


CEi =0 2VorCE2 =0 2V 

(CE 1 = Vdd -0 2V or CEj = Vdd -0 2V) 


- 


05 


20 


MA 


'ddoi 


Operating Supply 
Current 


CEi = CE2 = V|H 

(CEi =CE2 =V,L)tcyc = lA« 

V|n=V,h/V,l lout = 0mA 


- 


60 


100 


mA 


'dD02 


CEi =CE2 =Vdd 

(CEi =CE2 =0V) tcYC = 1MS 

V|n=Vdd/GND lout = 0mA 


- 


40 


70 


mA 



Note Typical values are at Ta «= 25°C, Vpo = 



*m^Xfimm 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


C|N 


Input Capacitance 


- 


5 


10 


PF 


CoUT 


Output Capacitance 


- 


5 


10 


PF 



Note. This parameter Is periodically sampled and is not 100% tested 
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SYMBOL 


PARAMTER 


MIN 


TYP 


MAX 


UNIT 


tACC 


Address Access Time 


- 


- 


450 


ns 


tCE 


Chip Enable Access Time 




- 


450 


ns 


tOD 


Out put Desable Time 




- 


100 


ns 


tCYC 


Cycle Time 


450 


- 


- 


ns 



A.C. TEST CONDITIONS 

• Output Load lOOpF + 1TTL Gate 
' Input Pulse Levels 6V, 2 4V 

• Timing Measurement Reference Levels 

Input 0.8V and 2.2V 
Output- 0.8V and 2 2V 
•> Input Pulse Rise and Fall Times 10 ns 



TIMING WAVEFORMS 




C»*tllA?»l»ll«^: 



MODE 


CE,(CE,) 


CEjfCEj) 


ADDRESS 


OUTPUTS 


Read 


H{L) 


H(L) 


Valid 


Data out 


Standby 


L(H) 


*(*) 


• 


HighZ 


•(*) 


L(H) 


♦ 


HighZ 



I 
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Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input. 
Two acceptable formats which are described in section A and B are available. 

A. Format 1 (when a check sum per word is used) 



TC5334P-nnDn J 

'MSB = D7'y 

N8,y 
RnnD0,X7FP7, . . . ;X07P3, J 
RDDDS.XSSPS; . . ,XE5P5, J 
RDDie.XIOPI. . ,X6BP5, ^ 



R4080,X4DP4, 
R4088.X2CP3; 



. ,XB5P5; J 
, . ;XA4P3, y 



(csi = i) ; 

(CS2=0)y 



NULL 



Preceding the first data field and following the last data field there 
must be a leader/trailer length of at least 50 null characters. 

Contents in a single quotation mark (' ') signify a comment 

and DDDn indicates a four-digit user pattern number 
J indicates carriage return and line feed. 

Specify the most significant bit- (MSB) of the device outputs (Dy or Dq) 
N8 indicates that the mask pattern is an 8-bit pattern, 
Semicolon(;) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits 
every 8-words after the character R. 
X signifies a hexadecimal digit. 

Enter the data with the two hexadecimal digits every word after the 
character X 

P signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 



* Data Modification 

Modifying single and continuous -word data can be carried out by 

specifying the modifying addresses and inputting data following the 

above procedure before the end symbol. 

Modification can be allowed from to 4095 addresses. 

Specify the active logic of chip enables CEi/CEi (20 PIN) and CE2/ 

CE2 (21 PIN) in the parentheses respectively. 

Enter CS1 = 1 or CS1 = when active logic of CE^/CEi is at high 

or low levels, respectively. 

Enter CS2 = 1 or CS2 = when active logic of CE2/CE2 is at high 
or low levels, respectively. 

An example is shovyn in the left figure. 

In this example, the device is selected under the condition that CEi/ 
CEi and CE2/CE2 are at high and low levels, respectively. 



$ signifies the End symbol. 
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B. Format 2 (when a check sum per word is not used) 



NULL 

'TC5334P-nDnny 

'MSB = D7'y 

N8, y 

. 39E5. J 



RDnnO,X7F5A 

Rnni6,xi08c 

RnD32,X2DBA 



B241 y 

38C7 J 



R4064,X1EC5 31DE ^ 

R4080,X4DA6 . 1 BA4 ^ 

(CS, =1)^ 

(CS2=0)y 



R signifies an address. 

Enter the address with the four decimal digits every sixteen words 

after the character R. 

X signifies a hexadecimal digit. 

Enter the data of sixteen words continuously after the character X. 

Otherwise specified in Format 1 



In additon, Toshiba can also accept programming and masking information for TC5334P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs). 



I 
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OUTLINE DRAWINGS 



24 23 22 21 20 19 18 17 16 15 14 13 
r-1 mr-ii-n-n-ii-ir-ii-imi-in 




UUUUUUUUUUUU 
1 2 3 4 5 6 7 8 9 10 11 12 



10°, 

^7^ 





° — °-^ 



Not»: Each lead pitch is 2.54 mm. Alt leads ara located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions ara in millimeters. 



Note Toshiba does not assume any responsibility for use of any circuity described, no circuit patent I 

at any time without notice, to change said circuitry. 
©Mar., 1982 Toshiba corporation 



icenses are implied and Toshiba reserve the right, 
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1,096 WORD X 8 BIT CMOS MASK ROM 

;ILIC0N GATE CMOS 



TC5335P 



The TC5335P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply 

The TC5335P has a chip enable input ( CE ) for 
device selection and a output enable input (OE) for 
fast memory access and output control And the 
TC5335P uses the_ address latch system that the 
falling edge of CE latches al.1 inputs except for 
OE, thus can be connected to a system where address 
and data buses are commonly used The maximum 



access time from chip enable is 450 ns The TC 
5335P IS pin compatible with the industry produced 
NMOS ROMTMM333P,yet offers a more than 90% 
reduction in power of their NMOS equivalent. The 
TMM5335P's maximum operating and standby current 
IS 7 mA and 20 fiA, respectively Thus the TC5335P 
is most suitable for use in low power applications 
such as battery operated system 

The TC5335P is moulded in a 24 pin standard 
plastic package. 



• Access Time 450 ns 

• Low Power Dissipation 
IddO=7 mA (Max.) Operating 
Idds=20)uA (Max) Standby 

• All Inputs and Outputs TTL Compatible 

• Three state outputs 



Two Control Functions CE , OE 

Address Latches _CE 

Output Control OE 

Pin Compatible with TMM333P 

Standard 24 pm Plastic Package 



nucmmmtKm (top view) 



PmUPMEB 




Ao - Ai 1 


Address Inputs 


Do-D, 


Data Outputs 


CE 


Chip Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 



MucmK mABBfim 

Vdd GND 






D0D1D2D3D4DSD6 D^ 




1 n??nn 






CE ^ Sense Amp 



Colum Decoder 



128 



Memory Cell Array 
(256 X 128) 



I 
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^fti*: 



SYMeOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0 3V ~ 7.0V 


V|N 


Input Voltage 


-0 3V ~ 7 OV 


VOUT 


Output Voltage 


OV ~ Vdd 


Pd 


Power Dissipation (Ta = 85°C) 


8W 


TsTG 


Storage Temperature 


-BB^C^IBO^C 


ToPR 


Operating Temperature 


-40''C ~ 85°C 


TsOLDER 


Soldering Temperature Time 


260°C 10 sec | 



^^^a^^mm^^mj^^^^^mmm 


mm^im 


t 










SYMBOL 


PARAMETER 


MIN 


TYP. 


MAX 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


50 


55 


V 


V|H 


Input High Voltage 


22 


- 


Vdd+0 3 


V 


V|L 


Input Low Voltage 


-0.3 


- 


08 


V 



^^^^ 


^^W"i#i^#IP^"%* «wt jm^ 










SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l|L 


Input Load Current 


O^Vin^Vdd 


_ 


- 


±1 


ma 


Ilo 


Output Leakage Current 


CE=V,H,OV"^Vout^VDD 




- 


±5 


juA 


"oh 


Output High Current 


VoH = 2 4V 


-10 


-4 


_ 


mA 


"OL 


Output Low Current 


VoL=0 4V 


20 


40 


_ 


mA 


'ddsi 


Standby Supply Current 


CE = 2 2V 

other inputs = V|h or V||_ 


- 


20 


5.0 


mA 


•dDS2 


CE = Vdd -0 2V 

other inputs = 2V or Vdd -0.2V 


- 


05 


20 


ma 


'ddoi 


Operating Supply 
Current 


CE=V|L,tcyc = lMS, 

V|N =V,h/V,l, lout = 0mA 


- 


60 


100 


mA 


IdD02 


CE=OV,tcyc = lMS, 

V|N =Vdd/GND, lout = 0mA 


- 


40 


70 


mA 



Note: Typical values ara at Ta = 25^0, V/qq = 5V 



^m^^imjt'mm 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


C|N 


Input Capacitance 


- 


5 


10 


pF 


Cqut 


Output Capacitance 


- 


5 


10 


pF 



Nota. This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS m « -40 - SS'^C, Vm « iV ±10%| 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Ucc 


Chip Enable Access Time 


- 


- 


450 


ns 


tOE 


Output Enable Access Time 


- 


- 


150 


ns 


tAS 


Address Setup Time 


30 


- 


- 


ns 


tAH 


Address Hold Time 


30 


- 


- 


ns 


tec 


CE OFF time 


70 


- 


- 


ns 


tCEH 


Chip Enable Hold Time 


450 


- 


- 


ns 


tOD 


Output Desable Time 


- 


- 


100 


ns 


tCYC 


Cycle Time 


540 


- 


- 


ns 



A.C. TEST CONDITIONS 

• Output Load lOOpF + 1TTL Gate 

• Input Pulse Levels 6V, 2 4V 
Timing Measurement Reference Levels 

Input. 8V and 2 2V 

Output 8V and 2 2V 

• Input Pulse Rise and Fall Times 10 ns 



TIMfN<3 WAVEFORMS 




OPERATION mom 






MODE 


CE 


OE 


ADDRESS 


OUTPUTS 


Read 


L 


L 


* 


Data out 


Standby 


H 


* 


* 


High Z 


Address 
Latch 


T_ 




Valid 


HighZ 



* Don't care 
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Use 7 or 8-bit (even parity) ASCI I code paper tape for ROM data input. 
Two acceptable fornnats which are described in section A and B are available. 

A. Format 1 (when a check sunn per word is used) 



TC5335P-nnnn'y 

'MSB = D7'y 

RnDnO,X7FP7, ,X07P3, ^ 

Rnnn8,X38P3, ,XE5P5,^ 

Rnni6,X10P1, ,X6BP5,y' 



R4080,X4DP4, 
R4088,X2CP3, 



,XB5P5,y' 
,XA4P3,y' 



$J 



Preceding the first data field and following the last data field there 
must be a leader /trailer length of at least 50 null characters. 
Contents in a single quotation mark (' . . ') signify a comment 
and nnnn indicates a four-digit user pattern number 

^ indicates carriage return and line feed. 
Specify the most significant bit (MSB) of the device outputs (D, or 
Do) 

N8 indicates that the mask pattern is an 8-bit pattern 
Semicolon (,) signifies a punctuation of data 

R signifies an address. Enter the address with the four decimal digits 
every 8-words after the character R 
X signifies a hexadecimal digit. 

Enter the data with the two hexadecimal digits every word after the 
character X 

P signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 



* Data Modification 

Modifying single and continuous word data can be carried out by 

specifying the modifying addresses and inputting the data following 

the above procedure before the end symbol. 

Modification can be allowed from to 4095 addresses. 



$ signifies the End symbol. 
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B Format 2 (when a check sum per word is not used) 



TC5335P-Dnnn'y' 

'MSB = D7'y 

39E|i, J 
B241, ; 



Rnnno,x7F5A 

RDDie.XIOSC 
Rnn32,X2DBA 



36C7, 



R4064,X1EC5 
R4080,X4DA6 



31DE, J 
1BA4, J 



R signifies an address. 

Enter the address with the four decimal digits every sixteen words 

after the character R 

X signifies a hexadecimal digit 

Enter the data of sixteen words continuously after the character X 

Otherwise specif led in Format 1. 



In addition, Toshiba can also accept programming and masking information for TC5335P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs) 
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IfOSHIBA 



OUTLINE DRAWINGS 



24 23 22 21 20 19 18 17 16 15 14 13 
n|— innr-ini-ir-ii-ii-i r-iJlL 



.1^^ 



uuuuuuuuuuuu 

1 2 3 4 5 6 7 8 9 10 11 12 



10°, 

"7^ 





15.24TYP. 



Not*. Each lead pitch Is 2 54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 li 
All dimensions are in millimeters. 



Note Toshiba does not assume any responsibility for use of any circuity described, no c 

at any time without notice, to change said circuitry 
© Mar , 1982 Toshiba corporation 



t patent licenses are implied and Toshiba reserve the right, 
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■ TOSHIBA MOS MEMORY PRODUCTS 



TC5364P: 8K WORD x 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 



TC5364P 



* This Is advance information and spacif Ications ara 
subject to change without notice. 



Pin Compatible with 2764 type EPROM TMM- 

2764D 

Access Time. : 250ns 

Low Power Dissipation 

Operating Current . 5mA (MAX.) 

Standby Current : 20m A (MAX.) 

5V Single Power Supply: 5V ± 10% 

Fully Static Operation 



Three Programmable Chip Enables with Power 
Down Feature 

CE,/CE,,CE2/CE2,CE3/CE3 
Output Buffer Control OE 

All Inputs and Outputs Directly TTL Compatible 
Three State Outputs 
28 Pin Standard Plafstic Package 



^i!l<x^Nieriw 



'mi^"l^ili#!l!£' 



(Top View) 



N.CC 1 
A12C 2 
A7 C3 
A<i C 4 
As C 5 
A4 C 6 
A3 C 7 
A2 C 8 
Ai C 9 
Ao C 10 
Do C 11 
Di C12 
D2 C 13 
GND C 14 



DVdD 

3 CEi /CE2_ 
3 CE2/CE2 
DAg 
3 A, 

DOE 

3A10 

3 CE3/CE3 
3D7 

DDj 
DD4 



I5DD3 



64k Bit EPROM 
TMM2764D 



VppC 
A12C 2 
A7 C 3 
A6 C 4 
As C 5 
A4 C 6 
A3 C 7 
AjC 8 
Ai C 9 
Ao n 10 
Ag C 11 
OiC 12 
O2C 13 
GNDC 14 



SYMBOL 


NAME 


Ao ~Ai2 


Address Input 


00^-07 


Outputs 


CEi,CE2.CE3 


Chip Enable Inputs 


OE 


Output Enable Input 


Vdd 


Power Supply {5V) 


GND 


Ground 



28 J ^CC 
27 3 PGM 
26DN.C. 
25 3 As 
DA9 
DAn 
DOE 
DAio 
DOE 
DO7 
3 06 
DOs 

::jo4 
15D03 





Vdd gnc 

n 








CE,o ^ 


■>J , 


Do v_.^^ D7 


-> 




1 1 


OE ±.J^ 


Output Buffers 


CE 






1 




Sense Amp. 

and 
Column Decoder 

1 


AoC^— 


1 






/ 
\ 






Memo 


ryCell 




1 








Array 


J 
A,2 0- 




1 




8k X 8 
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lote Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry 
i) Apr., 1982 Toshiba Corporation 
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■ TOSHIBA MOS MEMORY PRODUCTS 



TC5365P: 8K WORD x 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 



TC5365P 



• Access Time : 250ns 

• Low Power Dissipation 
Operating Current . 5mA (MAX.) 
Standby Current 20mA (MAX.) 

• 6V Single Power Supply 5V±10% 

• Fully Static Operation 



* This is advance information and spacifications ai 
subject to change without notice. 



• Programmable Chip Enable CE/CE 

• All Inputs and Outputs Directly TTL 
Compatible 

• Three State Outputs 

• 24 Pin Standard Plastic Package 



m^ismmmrmi 



(Top View) 



A7C 1 
AeC 2 
AsC 3 
A4C 4 
A3C 5 
A2C 6 
AiC 7 
AoC 8 
DoC 9 
DiC 10 
D2C 11 
GNDC 12 



24 H Vdd 
23 HAe 
22 IIA9 
21 DAi2_ 
20 H CE/CE 
19 H Aio 
18 HAu 
17 UD7 

16 nog 

15 3 D5 
14 DD4 
13 3 D3 



32k Bit CMOS ROM 
TC5334P 



A7C 1 
AfiC 2 
A5C 3 
A4C4 
A3C 5 
A2C6 
AiC 7 
AoC 8 
DoC 9 
Die 10 
D2C 11 
GNDC 12 



24 =J Vqd 
23 1] Ag 
22 DA9 
21 DCEj/CE^ 
20 U CEi/CEl 
19 ZI Aj 
18 D A 
17=107 
16 H De 
15=1 Dj 
14 =)D4 
13 =1 D3 



10 



Pin Compatible with 32k Bit CMOS ROM TC5334P 
for Memory Expansion 



PIN NAMES 



SYMBOL 


NAME 


Ao~Ai2 


Address Inputs 


00-07 


Outputs 


CE/CE 


Chip Enable Input 


Vdd 


Power Supply (5V) 


GND 


Ground 



stm^iilii^^^ 




Ao < 



Sense Amp. 

and 
Column Decoder 



Memory Cell 
Array 
8k X 8 
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■ TOSHIBA 



lote. Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba 

the right, at any time without notice, to change said circuitry 
r) Apr., 1982 Toshiba Corporation 
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MEMO 
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MEMO 
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MEMO 
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MEMO 
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CORPORATE OFFICE 

2441 Michelle Drive 

Tustin, CA 92680 

(714) 730-5000 

TLX: 183812 



WESTERN AREA 

1400 Quail St - Ste 100 

Newport Beach, CA 92660 

(714) 752-0373 

TWX. 910-596-1886 



EASTERN AREA 

60 State St. - Ste. 405 

Boston, MA 02109 

(617) 742-2040 

TWX- 710-321-6730 



CENTRAL AREA 

1 Corporate Center 

7505 Metro Blvd. - Ste. 370 

Edina, MN 55435 

(612) 831-2566 

TWX- 910-576-1321 



The information in this guide has been carefully checked and is believed to be reliable, however, 
no responsibility can be assumed for inaccuracies that may not have been caught All information m 
this guide is subject to change without prior notice Furthermore, Toshiba cannot assume responsibility 
for the use of any license under the patent rights of Toshiba or any third parties 



TOSHIBA AMERICA, INC. 



